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P R E F A C E  

Recent p u b l i c i t y  a b o u t  i l l e g a l  dumping o f  haza rdous  w a s t e s  i n  t h e  S t a t e  of 
Tennessee h a s  b rough t  renewed i n t e r e s t  i n  t h e  r e g u l a t i o n  and clean-up of 
haza rdous  waste s i tes .  A t t e n t i o n  h a s  e s p e c i a l l y  focused  on t h e  Oak Ridge 
a tomic  i n d u s t r y ,  v h i c h  f o r  f o u r  d e c a d e s  h a s  produced c h e m i c a l  and n u c l e a r  
wastes i n  p r o d i g i o u s  volume, b u t  h a s  c l a imed  exemption from b o t h  s t a t e  and 
f e d e r a l  r e g u l a t i o n s  for r e a s o n s  of n a t i o n a l  s e c u r i t y  and n u c l e a r  p reempt ion .  

A r e c e n t  unanimous d e c i s i o n  by t h e  Un i t ed  S t a t e s  Supreme C o u r t  i n  P a c i f i c  
Gas and E lec t r i c ,  e t  a l .  v. S t a t e  Energy Resources  C o n s e r v a t i o n  and 
Development Commission, e t  a l .  h a s  c l e a r e d  t h e  way f o r  t h e  S t a t e  o f  Tennessee 
t o  e n f o r c e  i t s  own s t a n d a r d s  i f  f e d e r a l  r e g u l a t o r y  a g e n c i e s  c o n t i n u e  a t  t h e i r  
p r e s e n t  impasse .  

T h i s  r e p o r t  i s  a d d r e s s e d  t o  t h e  people  of  Tennessee ,  whose c o n c e r n  m u s t  be 
f o r  a s a f e  and  h e a l t h y  env i ronmen t  f o r  f u t u r e  Tennesseans .  It is  t h e  purpose 
o f  t h i s  r e p o r t  t o  examine t h e  e x t e n t  of wha teve r  env i ronmen ta l  h a z a r d  may be 
posed by t h e  waste s i t e s  a t  Oak R i d g e  and t o  s u g g e s t  some steps which  should be 
t a k e n  t o  p r o t e c t  t h e  p u b l i c  h e a l t h .  

Copyr igh t  ( c )  1983 The N a t u r a l  R i g h t s  C e n t e r .  A l l  R i g h t s  Rese rved .  
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INTRODUCI'IOI 

T h e r e  i s  a p l a c e  w i t h i n  t h e  t e r r i t o r y  of  t h e  Un i t ed  S t a t e s  o f  America 
where t h e  f e a t h e r s  of  s p a r r o w s  set  g e i g e r  c o u n t e r s  c l i c k i n g  a t  26,000 c o u n t s  
p e r  minu te ,  where e a c h  gram of s o i l  o v e r  s e v e r a l  acres c o n t a i n s  ove r  50 
p i c o c u r i e s  o f  plutonium, and where f o r  t h e  l a s t  40 years t h e  c r e e k  and l a k e  
waters have exceeded s t a t e  and f e d e r a l  r e g u l a t i o n s  f o r  a l l o w a b l e  r a d i o a c t i v e  
p o l l u t i o n .  T h i s  p l a c e  i s  n o t  on t h e  g r a s s y  p l a i n s  around Rocky F l a t s ,  on t h e  
tumbleweed d e s e r t  o f  t h e  Nevada Test S i t e ,  o r  on t h e  Sou th  P a c i f i c  i s l a n d  of 
B i k i n i ,  bu t  i n  the r o l l i n g  h i l l s  and f o r e s t s  o f  Tennessee .  T h i s  c o n t a m i n a t i o n  
o f  n a t u r e  and i t s  i n h a b i t a n t s  i s  found n e a r  Oak R idge ,  b i r t h p l a c e  of  t h e  atomic 
bomb and f o r  f o u r  decades  a n u c l e a r  power l a b o r a t o r y  and weapons f a c t o r y .  

R e c e n t l y  Tennesseans  have  become conce rned  about  t h e  h a z a r d s  of  was te  
m i g r a t i o n  from t o x i c  chemica l  l a n d f i l l s  and a b o u t  what t h e  f u t u r e  h o l d s  f o r  
r u s t i n g  drums f u l l  of  l e t h a l  p o i s o n s  which are  a lmos t  d a i l y  b e i n g  found i n  
remote p a s t u r e s  and  wooded ho l lows .  I n  1983, t h e  Genera l  Assembly c o n s i d e r e d  
b i l l s  t o  make t o x i c  waste dumping a f e l o n y  [l], t o  r e q u i r e  i n d u s t r i e s  t o  g e t  
l i c e n s e s  f o r  haza rdous  waste s i t e s  [ 2 ] ,  t o  e s t a b l i s h  a r e s p o n s i b l e  was te  
d i s p o s a l  fund [3), and an abandoned s i t e  clean-up supe r fund  [ 4 ] .  The 
l e g i s l a t u r e  a l s o  c o n s i d e r e d  l e g i s l a t i o n  t o  assume g r e a t e r  S t a t e  j u r i s d & t i o n  
under  t h e  S a f e  Dr ink ing  Water A c t  [ 5 ]  and t h e  Resource C o n s e r v a t i o n  and 
Recovery A c t  [ 6 ] .  Yet one of t h e  most h a z a r d o u s  dump s i t e s  i n  t h e  S t a t e  h a s  
f o r  many y e a r s  l i n g e r e d  j u s t  beyond t h e  b o r d e r s  o f  l e g a l  j u r i s d i c t i o n ,  a t  t h e  
Oak Ridge f s d e r a l  r e s e r v a t i o n .  

Now a r u l i n g  by t h e  Un i t ed  S t a t e s  Supreme Court  may have changed t h e  
s i t u a t i o n .  It opens t h e  p r o s p e c t  f o r  s t a t e  r e g u l a t i o n ,  and even  p r o h i b i t i o n ,  
of f e d e r a l  n u c l e a r  a c t i v i t i e s  a t  Oak Ridge u n l e s s  g r e a t e r  care i s  t aken  i n  
d i s p o s i n g  of t h e  n u c l e a r  wastes b e i n g  g e n e r a t e d . [ 7 ]  From t h e  s t a n d p o i n t  of some 
s t a t e  a d m i n i s t r a t o r s ,  s t a t e  r e g u l a t i o n  i s  less p r e f e r a b l e  t o  f e d e r a l  r e g u l a t i o n  
o f  n u c l e a r  a c t i v i t i e s .  B u t  even r e l u c t a n t  a d m i n i s t r a t o r s  may admit  t h a t  t h e  
t h r e a t  of s t a t e  r e g u l a t i o n  might  b e  what i s  needed t o  f o r c e  f e d e r a l  a g e n c i e s  t o  
ac t .  

T h i s  r e p o r t  w i l l  s e r v e  as a background pape r  on the s u b j e c t  of  n u c l e a r  
p o l l u t i o n  from Oak Ridge. I t  i s  n o t  i n t e n d e d  as a comprehensive,  o r  f i n a l  
s t u d y  of t h e  e n t i r e  p h y s i c a l ,  m e d i c a l  and l e g a l  dilemma a t  Oak Ridge. 
H o p e f u l l y  i t  w i l l  s e r v e  t o  i n s p i r e  t h o s e  w i t h  a u t h o r i t y  t o  t a k e  a c t i o n  t o  do  
s o ,  now, and q u i c k l y .  As t h i s  r e p o r t  w i l l  document, t h e  p o t e n t i a l  human 
t r a g e d y  grows d e e p e r ,  and more i n e x o r a b l e ,  w i t h  e a c h  p a s s i n g  day. 



Radiation is literally the emanation of anything from a source point. It 
is the light leaving a star, or an electric lightbulb. It is the sound leaving 
the instruments of a string quartet, or the sparks from a sparkler on the 
Fourth of July. It is also the emanations produced by the spontaneous 
disintegration of unstable, radioactive elements. The radiation from these 
sources is both particulate and waveform. It is tiny microscopic bullets and 
beams of energy that penetrate between the spaces of molecules in any nearby 
material until they are either captured by an atom--which may then become 
radioactive itself--or bounced about until their energy is spent. 

Radiation is of biological concern because the amount of  energy contained 
in a single high-speed particle or ray may be sufficient to disrupt or ionize 
the molecules of living tissue. In biological systems, reactions are carefully 
controlled, often by special geometric juxtaposition of the reactants. A 
marauding high-speed electron does not regard this careful juxtapostion and 
will randomly destroy whatever order it encounters, sometimes generating 
lengthy chain reactions which expand the otherwise small area of influence. 
Radiation increases the entropy, or disorganization, of biological systems.[8] * 

'4! In the human cell, certain chemical bonds are crucial to the integrity of 
the genetic code, and breaking just a few of these normally very strong bonds 
may cause a mutation. When a mutated chromosome is responsible for regulating 
cell growth, an uncontrolled proliferation of damaged cells, or "cancer", can 
develop. When a mutation occurs in the procreative cells or in t h e  developing 
embryo, birth defects can result. When mutations occur in the blood-forming 
tissue, impairment of the immune system can result, and this can give rise to 
an entire spectrum of human disease. Radiation is therefore said to be 
mutagenic (cell-mutating), oncogenic (tumor-forming), carcinogenic 
(cancer-causing), teratogenic (birth-defect causing), and immuno-suppressing 
(lowering resistance to disease). 

These effects, which occur at a microscopic, cellular level, may take a 
long time to reach observable proportions. Since there are billions of cells 
in each gram of tissue and because some tissues regenerate very slowly, the 
latent effects of radiation may not become capable of diagnosis for more than 
50 years  after the exposure. Because chronic radiation diseases are identical 
in etiology t o  a vast number of other, non-radiation-induced diseases, absolute 
proof of causality is a physical impossibility in most individual cases. Some 
943 dominant and 783 recessive diseases are recognized as caused by 
radiation-induced mutations in the newborn. According to the National Academy 
of Sciences, "the spectrum of radiation caused genetic disease is almost as 
wide as the spectrum from<all other causes." Moreover, the genetic commitment 
from radiation tends to be cumulative, resulting in increased susceptibility to 
environmental injury in future generations, and is only eliminated by gene 
extinctions--the genetic deaths or non-reproductive lives of individuals who 
carry the mutations.[g] 



T'KE WAR COXES TO TENNESSE 

3.1 The Discoveries in Germany 

As early as the turn of the Nineteenth Century scientists recognized that 
it was theoretically possible to fission, or split apart, very dense elements 
like uranium and create two lighter elements. Albert Einstein had theorized 
that atom splitting could liberate enormous amounts of binding energy--the 
force that held the atoms together. The actual fissioning of uranium was first 
demonstrated by Otto Hahn and Fritz Strassman in the Berlin laboratories of 
Kaiser Wilhelm Institute in the fall of 1938. These scientists communicated 
their discovery to Lise Meitner, a Jewish co-worker who had fled Nazi Germany 
for Niels Bohr's laboratory in Copenhagen. Meitner analyzed the energy of the 
reaction using Einstein's 1905 formula, E = mc2, and discovered that 200 
million electron-volts were released for each atom fissioned. Bohr then 
crossed the Atlantic and conveyed the news to Einstein, Enrico Fermi and 
others. At the urging of these atomic scientists, President Franklin D. 
Roosevelt ordered the secret formation of an atomic bomb project and assigned 
it the highest and most secretive military priority. The code name for the 
project was the Xanhattan Engineering District. 

3.2 The Manhattan Project 

3.2.1 Clinton Engineer Works 

I F 

The project sought to locate its key research facilities in isolated areas 
that had access to large amounts of electricity. The first of these facilities 
was located near the village of Clinton just below the ,";orris D a m  in rural 
Tennessee. It was called the Clinton Engineer Works. Clinton's initial 
function was to perform research pertaining to the atomic pile project located 
at Enrico Fermi's metallurgical laboratory in Chicago. After Fermi's initial 
chain reaction i n  1942, Clinton became an enriched uranium and plutonium 
production facility, a pilot plant for the Hanford Engineer Works i n  
Washington, and a vast experimental laboratory. 

The tract of land comprising the Clinton Works, within whose boundaries 
the gas and thermal diffusion plants (K-25 and S-50), the electromagnetic plant 
(Y-12), the ORNL laboratory (X-10) [LO], the Clinton pile plants, and the town 
of Oak Ridge (pop.: 29,000) were constructed, consists of approximately 38,000 
acres located in Roane and Anderson Counties. The land was acquired under the 
forced condemnation procedures of the War Powers Act, giving imediate 
possession of the land to the United States and removing several thousand rural 
families.[ll] 

3.2.2 The Clinton P i l e  

Once the atomic pile experiment in Chicago had achieved a critical 
reaction of uranium, on December 2 ,  1942, a production reactor was needed to 
produce a small quantity of plutonium for criticality experiments. To 
accomplish this, a graphite reactor was constructed at Oak Ridge. 

THE NATURAL IUGIFTS CENTER - 3 -  HAY 30, 1983 



OAK RIDGE BRIEFING 

F i g u r e  1. An E a r l y  R e a c t o r  

- 
CBAPTEB 3: THE W A R  COHES TO TEHHESSE 

.c 
P P a t e n t  No .  2 ,708,656 w a s  i s s u e d  on May 18, 1955 t o  

E n r i c o  Ferrni and Leo S z i l a r d .  The i n v e n t i o n  i t  c o v e r s  
i n c l u d e s  t h e  f i r s t  n u c l e a r  r e a c t o r ,  Chicago P i l e  No. 1 
(CP-1). Although t h e  p a t e n t  w a s  a p p l i e d  f o r  i n  December 
1 9 4 4 ,  i t  could n o t  be i s s u e d  u n t i l  y e a r s  l a t e r  when t h e  
secret  w a s  d e c l a s s i f i e d .  T h i s  drawing w a s  i n  t h e  p a t e n t  
a p p l i c a t i o n .  

The 1 0 0 0 - k i l o w a t t ,  a i r - c o o l e d ,  u r a n i u m - g r a p h i t e  p i l e  a t  C l i n t o n  c o n s i s t e d  
of a 24-foot cube  of g r a p h i t e  s u r r o u n d e d  by l a m i n a t e d  c o n c r e t e  and p e r f o r a t e d  
w i t h  1260 metal  channe l s .  Through t h e  c h a n n e l s  uranium s l u g s  were f o r c e d .  
Af te r  t h e  slugs were i r r a d i a t e d  t o  g e n e r a t e  p l u t o n i u m  ( b y  t h e  c a p t u r e  of  f r e e  
n e u t r o n s ) ,  t h e  h o t  s l u g s  were f o r c e d  o u t  a t  t h e  rear f a c e ,  f a l l i n g  o n t o  a 
m a t t r e s s  pad ,  and dumped i n t o  a b u c k e t  o f  w a t e r  i n  a d i s c h a r g e  p i t .  F u l l  
b u c k e t s  were t h e n  moved a l o n g  a t r e n c h  t o  t h e  s e p a r a t i o n  b u i l d i n g . [ l 2 ]  

By November 4 ,  1943, t h e  C l i n t o n  p i l e  was o p e r a t i n g  a t  500 k i l o w a t t s .  
While small  by t o d a y ' s  s t anda rds - -one  t h o u s a n d t h  o f  t h e  s i z e  of a TVA n u c l e a r  
r e a c t o r - - t h e  C l i n t o n  p i l e  w a s  a v e r y  " d i r t y "  r e a c t o r .  I n  modern r e a c t o r s ,  t h e  
r a d i o a c t i v e  p o l l u t a n t s  produced by t h e  f i s s i o n  o f  uranium are t r a p p e d  i n s i d e  
z i r con ium f u e l  r o d  c l a d d i n g  u n t i l  the  f u e l  i s  r e p l a c e d  e v e r y  t h r e e  y e a r s .  
T h e r e a f t e r ,  t h e  c l a d d i n g  is k e p t  i n t a c t  i n  s p e n t  f u e l  p o o l s  u n t i l  t h e  r o d s  are  
t r a n s f e r e d  t o  a f e d e r a l  waste r e p o s i t o r y ,  where t h i s  c l a d d i n g  i s  k e p t  i n t a c t  
f o r  m i l l e n i a .  I n  t h e  normal l i f e  of a f u e l  r o d ,  small  c r a c k s  may deve lop  which 
release a b o u t  1 p e r c e n t  of t h e  fission p r o d u c t s  t o  t h e  c o o l a n t ,  e i t h e r  i n  t h e  
r e a c t o r  v e s s e l  o r  i n  t h e  s t o r a g e  p o o l .  W i t h i n  a p r e s s u r i z e d  water r e a c t o r ,  t h e  
c o o l a n t  i s  f i l t e r e d  w i t h  r e s i n  bead d e m i n e r a l i z e r s ,  and t h e s e  r e s i n s  a r e  then  
p l a c e d  i n  w a s t e  s t o r a g e .  The amount of  f i s s i o n  p r o d u c t s  e s c a p i n g  t o  t h e  
environment  a f t e r  d e m i n e r a l i z a t i o n  and o t h e r  f i l t e r s  have done t h e i r  work i s  
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v e r y  small--a f r a c t i o n  of  a p e r c e n t .  S t i l l ,  t h e  N u c l e a r  R e g u l a t o r y  Commission 
estimates t h a t  normal,  f i l t e r e d  re leases  o f  r a d i a t i o n  from t h e  c u r r e n t  U.S. 
f u e l  c y c l e  w i l l  c a u s e  some 652 l e t h a l  c a n c e r s  and 1,155 g e n e t i c  d e f e c t s  among 
t h e  peop le  who l i v e  downwind o r  downs t r eam. [ l3 ]  

A t  t h e  C l i n t o n  p i l e ,  a l l  of t h e  l e t h a l  fission p r o d u c t s  were d u c t e d  t o  a 
s t a c k  and v e n t e d  d i r e c t l y  to  t h e  a tmosphe re .  I n s t a l l a t i o n  o f  l a r g e  f a n s  t o  
i n c r e a s e  a i r - c o o l i n g  p e r m i t t e d  power l e v e l s  of 4 megawatts  by l a t e  1944. A f t e r  
t h e  war, t h e  p i l e  was s h u t  down and  d i s a s s e m b l e d .  To t h e  p r e s e n t  t ime, t h e r e  
have been a t  l e a s t  n i n e  r e a c t o r s  i n  o p e r a t i o n  a t  Oak R idge ,  of v a r y i n g  s i z e  and 
c o m p l e x i t y ,  plus a c o n t i n u i n g  s e r i e s  of c r i t i c a l  a s s e m b l i e s  i n  t h e  t e s t  
f a c i l i t i e s .  

Another  o b j e c t i v e  of t h e  C l i n t o n  L a b o r a t o r y  w a s  t o  deve lop  a workable  
p r o c e s s  f o r  s e p a r a t i n g  p l u t o n i u m  f rom uranium and o t h e r  f i s s i o n  p r o d u c t s .  The 
f i r s t  b a t c h  of  s l u g s  was r e c e i v e d  a t  t h e  p r o c e s s i n g  stage on December 20, 1943.  
Based upon i n f o r m a t i o n  g a t h e r e d  i n  p r o c e s s i n g  e x p e r i m e n t s  on t h e  f i r s t  37 
b a t c h e s ,  an i s o l a t i o n  method employing a p r e c i p i t a t i o n ,  s o l u t i o n ,  and 
r e p r e c i p i t a t i o n  of plutonium p e r o x i d e  was deve loped .  (See Figurpf 3 . )  
A l t e r n a t i v e  p r o c e s s e s  were a l s o  e x p l o r e d  u n t i l  f i n a l l y  a b i smuth  phospha te  
p r o c e s s  was adopted f o r  Hanfo rd ,  where a l a r g e  p lu ton ium p r o d u c t i o n  f a c i l i t y  
was under  c o n s t r u c t i o n .  I n  a l l ,  299 b a t c h e s  of  s l u g s  were p rocessed  i n  t h e  
s e p a r a t i o n  b u i l d i n g  d u r i n g  t h e  w a r ,  w i t h  a n  o v e r a l l  y i e l d  of  90.5 p e r c e n t  o f  
t h e  a v a i l a b l e  plutonium. 

F i g u r e  2: S e p a r a t i o n  P r o c e s s e s  
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3-2-3 S-50 

P u r e  U-235-enriched u r a n i u m  was needed by t h e  p r o j e c t  f o r  a c t u a l  weapon 
mater ia l  a n d  f o r  improved p lu ton ium p r o d u c t i o n  r e a c t o r s .  U-235 i s  a 
f i s s i o n a b l e  i s o t o p e  s u i t a b l e  f o r  bombs, b u t  U-235 o c c u r s  i n  o n l y  t r a c e  amounts 
i n  n a t u r e .  I n  uranium o r e ,  U-238 i s  t y p i c a l l y  139 times more abundant t h a n  
U-235. The S-50 and K-25 p l a n t s ,  and p a r t s  of Y-12, were b u i l t  t o  s e p a r a t e  
"Tweedledee" (U-235) from "Tweedledum" (U-238). 

I n  t h e  S-50 l i q u i d  p r o c e s s ,  t h e r m a l  d i f f u s i o n  w a s  used t o  draw Tveedledee 
t o  t h e  h o t t e r  of two s u r f a c e s  w h i l e  c o n v e c t i o n  w a s  employed t o  c a r r y  i t  upward, 
d e v e l o p i n g  a v e r t i c a l  c o n c e n t r a t i o n  . g r a d i e n t .  The s o l e  uranium-containing 
s u b s t a n c e  wh ich  could be used f o r  t h i s  p r o c e s s  vas uranium h e x a f l u o r i d e ,  UF-6. 
S i n c e  f l u o r i n e  i s  a v e r y  unmanageable e l e m e n t - - i g n i t i n g  even a s b e s t o s  and 
c o r r o d i n g  p r a c t i c a l l y  any th ing - - i t  had neve r  b e e n  manufac tu red  on a n  i n d u s t r i a l  
scale .  U s i n g  p r i v a t e  i n d u s t r y  and m i l i t a r y  a p p r o p r i a t i o n s  p r i o r i t i e s ,  t h e  
Manhat tan p r o j e c t  b u i l t  a f l u o r i n e  p r o d u c t i o n  f a c i l i t y  i n  a f e w  months. To 
o b t a i n  UP-6, uranium t e t r a f l u o r i d e  had t o  be  p r e p a r e d  by a w e t  chemical  method 
and f l u o r i n a t e d  a t  3 5 O O C .  Then, t o  keep  t h e  UF-6 f l u i d ,  a l l  par ts  of t h e  
p r o c e s s  had  t o  be kep t  above 155°F and u n d e r  1500 pounds of  p r e s s u r e .  The 
c o r r o s i v e  n a t u r e  of  UF-6 made i t  n e c e s s a r y  t o  u s e  p u r e  n i c k e l  f o r  a l l  p r o c e s s  
l i n e s .  

9 
A p i l o t  p l a n t  was f i r s t  c o n s t r u c t e d  i n  P h i l a d e l p h i a  t o  p r o c e s s  UF-6 by 

l i q u i d  d i f f u s i o n .  However a d i s a s t e r o u s  e x p l o s i o n  i n  t h i s  p l a n t  i n  August,  
1944, f o r c e d  t h e  o p e r a t i o n  t o  h a s t i l y  s w i t c h  t o  Oak R i d g e ,  where S-50 ven t  into  
o p e r a t i o n  on September 10 th .  E a r l y  p r o c e s s i n g  was hampered by c o n s t r u c t i o n  
work s t i l l  i n  p r o g r e s s  and by l a c k  of e x p e r i e n c e d  o p e r a t o r s  (many of whom had 
been k i l l e d  i n  t h e  P h i l a d e l p h i a  e x p l o s i o n ) .  La rge  sca le  p r o d u c t i o n  was n o t  
a c h i e v e d  u n t i l  J a n u a r y ,  1945. I n  September ,  i t  w a s  determined t h a t  t h e  
r a d i a t i o n  s e p a r a t i o n  p r o c e s s  a t  Y-12  and g a s e o u s  d i f f u s i o n  a t  K-25 were more 
e f f i c i e n t  a n d  S-50 was c l o s e d .  

3-2.4 K-25 

The K-25 p l a n t  s e p a r a t e s  Tweedledee from Tweedledum by t h e  nethod of 
s e p a r a t i o n  known as gaseous d i f f u s i o n .  Accord ing  t o  Graham's l a w ,  t h e  r a t e s  o f  
d i f f u s i o n  f o r  d i f f e r e n t  g a s e s  t h r o u g h  a porous  m a t e r i a l  are i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  squa re  r o o t s  of  t h e i r  m o l e c u l a r  we igh t s .  Again t h e  o n l y  
form of u ran ium t h a t  could be u s e d  f o r  t h i s  p r o c e s s  t u r n e d  o u t  t o  be uranium 
h e x a f l u o r i d e .  Moreover, s i n c e  t h e  mean f r e e  p a t h  of UF-6 a o l e c u l e s  is 
e x c e e d i n g l y  sma l l ,  t h e  porous membrane--which h a s  t o  be c a p a b l e  of w i t h s t a n d i n g  
t h e  c h e m i c a l  c o r r o s i v i t y  of UF-6--must b e  made w i t h  po res  of  less t h a n  
o n e - m i l l i o n t h  of a n  inch .  To r e a c h  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  Tweedledee, 
o r  "Tuba l loy , "  t h e  UF-6 h a s  t o  be p a s s e d  t h r o u g h  m i l l i o n s  of such  membranes, 
shaped  as t u b e s .  The enrichment  p l a n t  b u i l t  d u r i n g  t h e  war enc losed  a t o t a l  of 
6,578,000 t u b e s ,  having a t o t a l  l e n g t h  of 8653 miles, o r  t h r e e  times t h e  
d i s t a n c e  a c r o s s  t h e  A t l a n t i c  Ocean. The K-25 b u i l d i n g  i t s e l f  covered over  152 
acres.  With a d d i t i o n a l  b u i l d i n g s  i n  t h e  e n r i c h m e n t  f a c i l i c y  i n c l u d e d ,  over  600 
acres were u n d e r  roo f .  The amount o f  e lec t r ic  power needed t o  d r i v e  t h e  
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compresso r s  and  hea t  and  c o o l  t h e  p r o c e s s e s  was e q u i v a l e n t  t o  t h a t  consumed by 
t h e  c o n t i n e n t  o f  A u s t r a l i a .  

According t o  an employee who worked i n  t h e  Union C a r b i d e  g a s e o u s  d i f f u s i o n  
p l a n t  i n  Paducah,  Kentucky,  t h e  Department of Energy  (DOE) neve r  en fo rced  
minimal  s t a n d a r d s  of r a d i o l o g i c a l  s a f e t y  on Union C a r b i d e .  The r a d i o a c t i v e  
g a s e s  i n  t h e  p l a n t  were "so  t h i c k  you could  see t h e  h a z e  i n  t h e  a i r  when you 
looked  a t  t h e  c e i l i n g  l i g h t ,  and you could t a s t e  i t  c o a t e d  on your  t e e t h  and i n  
your  t h r o a t  and lungs .  A f t e r  a c o u p l e  of  h o u r s  of  work t h e  uranium d u s t  on t h e  
f l o o r  was s o  t h i c k  you c o u l d  see y o u r  t r a c k s  when wa lk ing  around."  According t o  
t h e  worker ,  Union Carb ide  r o u t i n e l y  r e c a l i b r a t e d  i t s  g e i g e r  c o u n t e r s  t o  z e r o  
i n s i d e  "hot"  rooms, r a t h e r  t h a n  o u t s i d e ,  and i f  h igh  r e a d i n g s  were encountered  
on t h e  p r o d u c t i o n  l i n e s ,  t h e  worker t a k i n g  t h e  r e a d i n g  would be t o l d  t o  go back 
and check a g a i n  " u n t i l  h e  g o t  i t  r i g h t . "  

3-2-5 Y-12 

Y-12 was b u i l t  i n  1943 t o  s e p a r a t e  uranium by an e l e c t r o m a g n e t i c ,  
r a d i a t i o n  p r o c e s s .  T h i s  s e p a r a t i o n  work was d i s c o n t i n u e d  i n  1947 i n  f avor  of 
t h e  K-25 p r o c e s s .  S i n c e  t h e  war, Y-12's m i s s i o n  h a s  been t o  f a b r i c J t e  and 
c e r t i f y  t h e  c r i t i c a l  components of hydrogen bombs. T o  accompl i sh  t h i s ,  Y-12 
pe r fo rms  chemica l  p r o c e s s i n g ,  metal forming ,  p r e c i s i o n  p l a t i n g  and c o a t i n g ,  
powder m e t a l l u r g y ,  j o i n i n g ,  p r e c i s i o n  machin ing ,  and f i l i m e n t  winding .  

UF-6 a r r i v e s  i n  p u r e  m e t a l  b locks  from F e r n a l d ,  Ohio and i s  fed l i k e  
cordwood i n t o  a g i a n t  r o l l i n g  p r e s s  which f l a t t e n s  t h e  m e t a l  i n t o  s h e e t s  
f ive-and-a-ha l f  f e e t  wide  and one-inch t h i c k .  S m a l l e r  p r e s s e s  t h e n  r o l l  t h e  
s h e e t s  u n t i l  t h e y  a r e  o n l y  f ive - thousand ths  o f  an i n c h  t h i c k .  The f o i l  i s  c u t  
by a g i a n t  " c o o k i e - c u t t e r "  i n t o  t h e  shapes  needed t o  fo rm s p h e r e s .  So p r e c i s e  
i s  t h e  f i n a l  j o i n i n g  and machining t h a t  s p e c i a l  c h e m i c a l  a d h e s i v e s  mus t  be 
a p p l i e d  t o  keep  t h e  f o i l  f rom changing  shape under  i t s  o m  weigh t .  The purpose 
of t h e s e  f o i l  s p h e r e s  i s  t o  s e r v e  a s  a r a d i a t i o n  mirror; t o  ho ld  t h e  n u c l e a r  
r e a c t i o n  w i t h i n  t h e  H-bomb f o r  t h e  o n e - m i l l i o n t h  o f  a s econd  t h a t  i t  w i l l  t a k e  
t o  i g n i t e  t h e  f u s i o n  f u e l  comple t e ly .  

The d iagram on t h e  f o l l o w i n g  page ( F i g u r e  3 )  shows how t h e  H-bomb i s  
c o n s t r u c t e d .  The d e c i s i o n  t o  i n c l u d e  t h e  drawing  i n  t h i s  r e p o r t  was d i f f i c u l t ,  
because  doing so i n c r e a s e s  t h e  r i s k  of  n u c l e a r  p r o l i f e r a t i o n .  The d e c i s i o n  was 
made t o  i n c l u d e  t h e  d rawing  f o r  two r easons .  F i r s t l y ,  a l l  o f  t h e  in fo rma t ion  
was o b t a i n e d  from the  open  l i t e r a t u r e  which c a n  be r e a d  i n  a l a o s t  any l i b r a r y  
o r  b o o k s t o r e  i n  t h e  U n i t e d  S t a t e s .  Secondly ,  and more i m p o r t a n t l y ,  t h e  
Department  o f  Energy and  Union Carb ide  o v e r u s e  t h e  mys t ique  o f  s ec recy  t o  
cover -up  wrongfu l ,  n e g l i g e n t  conduct .  The p r o c e s s e s  i n v o l v e d  a r e  n o t  d i f f i c u l t  
t o  unde r s t and  and t h e  q u a n t i t i e s  o f  p r o c e s s  m a t e r i a l s ,  l i k e  t h e  number of 
weapons themse lves ,  a r e  no l o n g e r  k e p t  secret from any  p o t e n t i a l  enemy. 
I n d e e d ,  t h e  p o s t u r e  of  t h e  Uni ted  S t a t e s  i n  arms c o n t r o l  n e g o t i a t i o n s  i s ,  and 
must be ,  d i s c l o s u r e  of  weapons and  weapons-production c a p a b i l i t i e s  i n  o rde r  t o  
a c h i e v e  f i r s t ,  p a r i t y ,  and  l a t e r ,  r e d u c t i o n s .  



i slonsanto m a l a  the electrically fired detonators sur- 
rounding the primary. . . 

I 

The exploding styofoam compresses the secondary, 
uhich is filled with lithium4 deuteride. A “spark plug” 
of uranium-235 or plutmium-239, running down its 
center, is compressed to supercriticality, and a second 
fission chain reaction thus begins to supply neutrons 
which convert lithium4 into tritium. 

-7 -  .- u - 
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The  nuclear explosion of the spark plug generates the 
temperatures a n d  pressures needed to fuse the newly 
created tritium with deuterium, showering the casing of 
the secondary with high-energy neutrons created by 
fusion. The  neutrons a& uranium-238 in the casing 
of the secondary (called the “pusher”) to undergo 
fission. The lithium and uranium parts are made by 
Union Carbide. 

which set off the chemical high-c.rplaive charges. made 
by .Mason and Hanger-Silas >fason, that surround a 
hollow spherical tamper made rJf becllium and urani- 
um-238 The tamper, manufxt1>,:ed by Union Carbide, 
is liquefied by the implosive s!?ock wave and driwn 
inward toward the softball-sized Fissionable core of the 
primary. 

The core is compressed to supercriticality by the tam- 
per, and a b a r n  of high energy neutrons is fired from 
outside the casing by a high-\oltage vacuum tube made 
by Ceneral Electric. The neutrons start a fission chain 
reaction in the plutonium-z39 “pit” made by Rock*eIl. 

The chain reaction spreads to a layer of uranium-235 
surrounding the pit, and the heat and  pressure of fission 
ignite a hydrogen fusion reaction in the “booster” 
charge of tritium and deuterium gas, supplied by Du 
Pont. Fusion adds neutrons to the fission reaction, 
speeding it up and raising its temperature. 

The energy of the fission reaction races away from 
the primary in the form of x-rays which are momentarily 
trapped by the bomb‘s metal casin&. . . 

focused through a paper honFcomb shield, and a b  
sorbed by a special pol>sQrene foam “channel filler” 
made by Bendix, which serves as a thermal explosive 
encasing the secondary 

The fission of uranium-238 supplies most of the en- 
ergy that allows an explosive de\ ice the size of a kitchen 
garbage can to destroy an  entire city, along with its 
outlying suburbs. 
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3.2.5.1 How an E-Bomb F u n c t i o n s  

Here is how a n u c l e a r  weapon works. I n  t h e  s i m p l e  a t o m i c  bomb, a 
s u b c r i t i c a l  m a s s  o f  a f i s s i o n a b l e  e l emen t  such  as p l u t o n i u m  i s  brought t o  
sudden c r i t i c a l i t y .  I n  small  q u a n t i t i e s ,  f i s s i o n a b l e  e l e m e n t s  g i v e  o f f  s t r a y  
n e u t r o n s  which are  l o s t  t o  t h e  s u r r o u n d i n g s .  Compacted i n t o  a " c r i t i c a l  mass," 
however, t h e  n e u t r o n s  s e r v e  t o  s p l i t  t h e  atoms, o r  f i s s i o n ,  the  h o s t  e lement .  
I n  chang ing  t h e  a tomic  weight  of  the e l e m e n t ,  a c e r t a i n  p o r t i o n  o f  t h e  p r e v i o u s  
we igh t  i s  c o n v e r t e d  t o  ene rgy .  

I n  o r d e r  t o  b r i n g  abou t  sudden c r i t i c a l i t y ,  a s u b c r i t i c a l  mass is  
su r rounded  by a shaped c h a r g e  of c o n v e n t i o n a l  e x p l o s i v e s ,  and when t h e  
e x p l o s i v e s  are d e t o n a t e d ,  t h e  aass implodes ,  becoming c r i t i c a l .  I n  t h e  r a p i d  
f i s s i o n  of  b i l l i o n s  of  a toms,  t h e  b i n d i n g  magnetism t h a t  h e l d  t h e  f i r s t  e lement  
t o g e t h e r  i s  s u d d e n l y  emanated a s  energy--the e x p l o s i v e  f o r c e  o f  t h e  bomb. 

A hydrogen  bomb u s e s  one  o r  more l a t e r  s t a g e s  t o  a m p l i f y  t h e  power of t h e  
a tomic  bomb. The r a d i a t i o n  and h e a t  o f  t h e  a t o m i c  e x p l o s i o n  are used t o  j o i n  
l i g h t e r  e l e m e n t s  t o g e t h e r ,  o r  f u s e  them, i n t o  h e a v i e r  e l e m e n t s .  Again, w i t h  
t h e  change i n  a tomic  weight  of t h e  elements,  b i n d i n g  e n e r g y  i s  r e l e a s e d  The 
e f f e c t  i s  a the rmonuc lea r  e x p l o s i o n .  4Y 

Hydrogen i s  t h e  l i g h t e s t  e l emen t  i n  n a t u r e ,  h a v i n g  one  p ro ton ,  one 
n e u t r o n ,  and one  e l e c t r o n .  For n u c l e a r  weapons, t h e  heavy i s o i o p e s  of  
hydrogen,  d e u t e r i u m  ( w i t h  two e l e c t r o n s )  and tritium ( w i t h  t h r e e  e l e c t r o n s )  a r e  
used  t o  p r o v i d e  t h e  f u e l  f o r  t h e  f u s i o n  r e a c t i o n .  Not i n f r e q u e n t l y ,  one o r  
more l a t e r  s t a g e s  are a l s o  added,  s o  t h a t  t h e  r a d i a t i o n  of t h e  f i r s t  two 
r e a c t i o n s  ( f i s s i o n  and f u s i o n )  t r i g g e r s  a f i s s i o n  r e a c t i o n  i n  one  o r  inore o u t e r  
c a s i n g s .  The uranium s p h e r e s  a a d e  a t  Oak Ridge,  f o r  i n s t ance ,  s e r v e  t o  r e f l e c t  
t h e  r a d i a t i o n  o f  t h e  plutonium t r i g g e r  j u s t  l ong  enough t o  u n i f o r m l y  i g n i t e  t h e  
f u e l ,  and t h e n  t h e  r e f l e c t o r s  are  themse lves  f i s s i o n e d  i n  a t h i r d  s t a g e  
r e a c t  i o n .  

During World War 11, Edward Te l le r  f i r s t  i n i t i a t e d  work on t h e  hydrogen 
bomb, which h e  c a l l e d  " t h e  supe r . "  A f t e r  t h e  w a r ,  P r e s i d e n t  H a r r y  Truman made 
t h e  d e c i s i o n ,  a g a i n s t  t h e  a d v i c e  o f  h i s  a tomic  weapons a d v i s o r y  board (which 
wanted t o  n e g o t i a t e  an immediate ban on H-bomb r e s e a r c h  w i t h  t h e  S o v i s t  Union) 
t o  r u s h  i n t o  development of t he rmonuc lea r  weapons. T e l l e r ' s  d e v i c e  was 
s u c c e s s f u l l y  exp loded ,  bu t  i t  w a s  r e a l l y  a r u s e  d e s i g n e d  t o  scare  t'-.e S o v i e t s  
and n o t  a weapon c a p a b l e  of d e l i v e r y  t o  a n  enemy c o u n t r y .  T e l l e r ' s  c s v i c e  v a s  
f u e l e d  w i t h  tritium g a s  and weighed more t h a n  75 t o n s .  The tritium g a s  was 
u n s t a b l e  and so a p r e c i s e  c o n f i g u r a t i o n  of  t h e  d e v i c e ' s  c o n t e n t s  was o n l y  
p o s s i b l e  f o r  a s h o r t  p e r i o d  of  t i m e .  The f i r s t  H-bomb w a s  a d e v i c e ,  n o t  a 
weapon. 

I t  w a s  t h e  S o v i e t  Union t h a t  f i r s t  d e v i s e d  a p r a c t i c a l  t h e n o n u c l e a r  
weapon, u s i n g  a t h e o r y  f i r s t  p u b l i s h e d  by a German s c i e n t i s t ,  Hans T h i r r i n g ,  i n  
1 9 4 6 .  American s c i e n t i s t s  were a l e r t e d  t o  t h e  S o v i e t  d i s c o v e r y  by g l o b a l  
f a l l o u t  from t h e  S o v i e t  tes ts .  The f a l l o u t  was found t o  c o n t a i n  l i thium-6,  a 
rare  i s o t o p e  of the t h i r d  l i g h t e s t  e l emen t  i n  t h e  a tomic  t a b l e .  Litnium-6 i s  
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o f  s i m i l a r  c o n s t r u c t i o n  t o  t w o  a toms  of  tritium o r  t h r e e  atoms o f  deu te r ium b u t  
i t  i s  more s t a b l e ,  and c a n  be  combined w i t h  a deuter ium-oxygen molecule  t o  form 
a c h a l k y  powder c a l l e d  l i t h i u m - 6  d e u t e r i d e .  

Lithium-6 d e u t e r i d e  is t h e  form o f  f u s i o n  f u e l  u s e d  i n  most U . S .  weapons 
today .  I n  some weapons, tritium is  a l s o  i n j e c t e d  from a h i g h  p r e s s u r e  t a n k  as  
p a r t  of t h e  f i n a l  arming sequence .  A t  Y-12, d e u t e r i u m  s h i p p e d  from t h e  
Savannah R i v e r  P l a n t  is bonded w i t h  t h e  l i t h i u m - 6 ,  p r e s s e d  i n t o  t a b l e t s  and 
baked i n  an i s o s t a t i c  p r e s s u r e  v e s s e l  ( a t  30,000 p s i  and 300'F.) and t h e n  
machined to f i n a l  d i m e n s i o n s .  S i n c e  t h i s  c e r a m i c  mater ia l  decomposes from 
m o i s t u r e ,  i t  i s  h a n d l e d  i n  c l o s e d  d r y  c e l l s ,  where i t  i s  assembled i n t o  a 
t a p e r e d  column a b o u t  two f e e t  h i g h . [ l 4 ]  Both t h e  f i n i s h e d  uranium m i r r o r s  and 
hydrogen f u e l  are  s h i p p e d  t o  t h e  P a n t e x  P l a n t  n e a r  A m a r i l l o ,  Texas f o r  f i n a l  
a s sembly  i n t o  n u c l e a r  weapons. 

3.2.6 X-10 

O f  t h e  16,000 Department of Energy employees a t  Oak R idge ,  abou t  5,000 
work a t  t h e  Oak R idge  N a t i o n a l  L a b o r a t o r y  (ORNL o r  X-10) .  The ORNL complex 
c o m p r i s e s  some 192 b u i l d i n g s  w i t h  more than 2 .6  m i l l i o n  s q u a r e  f e e t  under roof. 
I t  i n c l u d e s  a n  i s o t o p e  s e p a r a t i o n  f a c i l i t y ,  a h i g h - f l u x  t e s t  r e a c t o r ,  a n  
e l e c t r o n  l i n e a r  a c c e l l e r a t o r ,  a t r a n s u r a n i c  w a s t e  p r o c e s s i n g  p l a n t ,  a r e s e a r c h  
r e a c t o r ,  an i s o c h r o n o u s  c y c l o t r o n ,  a h i g h - l e v e l  r a d i o c h e m i c a l  l a b ,  a m a t e r i a l s  
p r o c e s s i n g  l a b ,  a thorium-uranium f u e l  r e p r o c e s s i n g  f a c i l i t y  ( t h e  S h i p p i n g p o r t  
b r e e d e r  o p e r a t e d  by t h e  Navy r u n s  on  tho r ium f u e l  which i s  r e c y c l e d  t o  produce 
f i s s i o n a b l e  U-233) ,  a h i g h - l e v e l  r a d i a t i o n  e x a m i n a t i o n  l a b ,  a n  e n v i r o n m e n t a l  
s c i e n c e s  l a b ,  a heavy-ion r e s e a r c h  f a c i l i t y ,  and a s u p e r c o n d u c t i n g  magnet 
( f u s i o n )  t e s t  f a c i l i t y .  

7, 

While n o t  a l l  of t h e  p r o c e s s e s  a t  ORNL a re  d e c l a s s i f i e d ,  i t  is l i k e l y  t h a t  
many of them produce e q u a l  o r  greater  volumes of l i q u i d  d i s c h a r g e  t h a n  t h e  
p r o c e s s e s  a t  Y-12. I n  p a r t i c u l a r ,  t h e  s p e n t - f u e l  r e p r o c e s s i n g  p l a n t  d e a l s  w i t h  
an e n t i r e  spectrum o f  l i q u i d  and gaseous  f i s s i o n  p r o d u c t s  which a r e  h i g h l y  
r a d i o a c t i v e .  The d i s c h a r g e s  from X-10  b e a r  f u r t h e r  i n v e s t i g a t i o n .  



THE PROBLEM: WASTE MANAGJZXENT AT OAK RXDGE 

4.1 The Old Days 

Dur ing  t h e  war, t h e  waste b y p r o d u c t s  o f  t h e  new e x p e r i m e n t a l  m i l i t a r y  
p r o c e s s e s ,  l i k e  most i n d u s t r i a l  waste streams o f  t h a t  e r a ,  were of l i t t l e  
c o n c e r n .  The q u a n t i t i e s  of waste b e i n g  g e n e r a t e d  were r e l a t i v e l y  small  and 
were s i m p l y  f l u s h e d  i n t o  the n e a r e s t  stream, a l o n g  wi th  t h e  sewage and 
g r e y w a t e r .  The s o l u t i o n  t o  p o l l u t i o n  w a s  d i l u t i o n .  A s  t h e  e x p e r i m e n t a l  
p r o c e s s e s  wen t  i n t o  a c t u a l  p r o d u c t i o n ,  h i g h l y  r a d i o a c t i v e  w a s t e s  were s t o r e d  i n  
s t e e l  t a n k s ,  i n  p a r t  because  t h e y  were t h o u g h t  t o  have p o t e n t i a l  v a l u e .  During 
t h e  f i r s t  y e a r s  of  Oak Ridge two d i s t i n c t  and c o n f l i c t i n g  p h i l o s o p h i e s  of  waste 
management emerged: (1) d i l u t e  and f o r g e t ,  and ( 2 )  c o n c e n t r a t e  and keep 
f o r e v e r .  While t h e  second p h i l o s o p h y  h a s  i n t r i n s i c  problems o f  i t s  own, t h i s  
r e p o r t  w i l l  c o n f i n e  i t s  d i s c u s s i o n  o n l y  t o  t h e  f o r m e r ,  more d a n g e r o u s  approach. 
Some of  t h e  same r a d i o a c t i v e  wastes t h a t  were c o n c e n t r a t e d  and s t o r e d  i n  t h e  
1940s  and 1950s  because  they  were c o n s i d e r e d  t o o  dange rous  t o  re lease,  a r e  now 
p lanned  f o r  d i l u t i o n  and r e l ease - -by  h y d r o f r a c t u r e  i n j e c t i o n - - i n  1983 and 1984. 

A s  t h e  t h e o r e t i c a l  vork c a r r i e d  on by t h e  p h y s i c i s t s  a t  t h e  U n i v e r s i t y  o f  
Chicago and a t  Los Alamos t u r n e d  i n t o  a c t u a l  d e m o n s t r a t i o n  and f u l l  scale 
weapons p r o d u c t i o n ,  t h e  demands on Oak Ridge t o  produce l a r g e r  q u a n t i t i e s  of  
e n r i c h e d  uranium and pure p lu ton ium i n c r e a s e d .  I n  t h e  r u s h  t o  bea t  Nazi 
Germany t o  t h e  a tomic  punch, v i r t u a l l y  no c o n c e r n  was g i v e n  t o  t h e  back-end of 
t h e  Oak Ridge  p r o c e s s e s ,  o r  t o  t h e  long- t e rm e c o l o g i c a l  e f f e c t s  t h a t  t h o s e  
r a d i o a c t i v e  d i s c h a r g e s  might have.  

S t i l l ,  t o  reduce t h e  r e c o g n i z e d  b i o g e n e t i c  i m p a c t  of r e l e a s e d  t r a n s u r a n i c  
f i s s i o n  p roduc t s - - the  i s o t o p e s  w i t h  t h e  s h o r t e s t  h a l f - l i v e s  and g r e a t e s t  
p o t e n t i a l  e f f e c t - " s e t t l i n g "  ponds were e r e c t e d  i n  1944. L a t e r  t h e s e  ponds 
were renamed as " r e t e n t i o n "  a r e a s ,  b e c a u s e  t h e  water d i d  n o t  remain i n  them 
l o n g  enough t o  pe rmi t  s i g n i f i c a n t  s e t t l i n g  of suspended s o l i d s .  

4.2 The Radvaste R e t e n t i o n  Ponds 

The l a r g e s t  r e t e n t i o n  area w a s  b e h i n d  a 90-meter e a r t h e n  d a n  j u s t  above 
t h e  White Oak Lake impoundment. White Oak Lake was a 7 m i l l i o n  cub ic - foo t  
r e s e r v o i r  e n t i r e l y  w i t h i n  t h e  C l i n t o n  s e c u r i t y  p e r i m e t e r .  The o u t f l o w  of t h e  
l a k e  r u n s  i n t o  and mixes w i t h  t h e  waters  of  t h e  C l i n c h  R i v e r  a b o u t  one -qua r t e r  
m i l e  below t h e  o v e r f l o w  a t  lower White Oak Lake dz3.  

Having no frames of  r e f e r e n c e  upon which t o  set d i s c h a r g e  l i m i t s ,  t h e  Oak 
R idge  s c i e n t i s t s  e s t a b l i s h e d  a l i m i t  of 100 mrsmlday f o r  a q u a t i c  organisms 
below t h e  White Oak Lake dam, a b o u t  1500 t i m e s  t h e  EPA a l lowed  l i m i t s  of today.  
A t  t h e  t i m e  t h e y  were s e v e r e l y  c r i t i c i z e d  and r i d i c u l e d  f o r  
u l t r a c o n s e r v a t i s m . [ l 5 ]  Y e t  because  of t h e s e  l a x  s t a n d a r d s ,  between 1944 and 
1962 a t  l e a s t  12,000 c u r i e s  (450,000,000,000,000 d i s i n t e g r a t i o n s  p e r  second) of  
r a d i o a c t i v e  i s o t o p e s  were d i s c h a r g e d  t o  t h e  C l i n c h  R i v e r . [ l b ]  

Many o f  t h e  o l d  Tennessee  moonsh ine r s  d i s p l a c e d  by Oak Ridge p robab ly  knew 
more abou t  t h e  b e h a v i o r  of c r e e k s  and w i n t e r  s u r f a c e  runof f  t h a n  d i d  t h e  h i g h l y  
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paid scientists and engineers who came after them. In the winter of 1 9 4 4 ,  the 
90-meter dam on the main holding pond washed out, inundating the White Oak Lake 
floodplain with plutonium, americium, uranium, cobalt, and hundreds of other 
isotopes. 

Table-1. Range in concentrations of actinides in boxelder tree leaves, median 
soil concentrations, and calculated minimum and maximum concentration 
ratios on the White Oak Creek floodplain. 

234U 238" 244h I 239P" 24 Ipn Statistic 

Concentration range 0.5 to 1.4 to 5.4 to 1.8 to 0.9 to 

in leaves (fCt/dry 9) 32.0 13.5 45.9 33.8 9 .o 
H d i a n  Concentration 

in soil (fCi/dry 9) 61460 28090 4325 2590 541 

I 

I 
1-66 1 3 

CR minimum ( x  10-3) 0.008 0.050 1.25 0.70 

CR maximum ( x  10-3) 0.52 0.48 10.6 13.1 16.6 

W? = leaf concentratlon/medlan sol1 concentration. 
I 
I , 

4 . 3  Forest and Stream Ecology 

In 1958, the radiation level of the dry lakebed was 10 to 50 mR/hour at a 
level of 1 meter above the ground.[l7] Song sparrows, field sparrows, and water 
thrushes collected at that time showed feather radiation lzvels of greater than 
400 counts per second per gram (cps/g) and bone concentrations of 200 counts 
per second per gram.[l8] 

In 1978, plutonium alone still measured more than 100 picocuries per gram 
of soil (100 pCi/g: 4 alpha counts per second per gram at surface) along the 
creek banks, at the former dam, and at the floodplain's north end where the 
creek emptied into the old retention pond. The integrated concentration of 
plutonium-239 in floodplain soil was 65 pCi/g (1.9 cps/g).[l9] Nationwide, the 
average for naturally occuring radiation in soil is about 3 pCi/g (about 1 pCi 
each of  I ia-226,  Th-232, and U-138). Plutonium does not sxlst in nature, but is 
a man-made element. It is so toxic that the smallest amounts capable of 
injection into the blood of laboratory mice and beagles induces fatal cancer. 
One twentieth of an ounce of plutonium is theoretically sufficient to kill 
every person on Earth. [20] 

Oak Ridge scientists now get federal grants to study how much plutonium, 
cesium, cobalt and other heavy elements are taken up through the roots of 
plants and trees and exhaled through their leaves with the dew. (See Table 1.) 
Scientists are also studying the concentrations of these elements on insects, 
fish, and small aniaals. There was found to be a significant (P~0.01) positive 
corrslation between concentrations of radiocesium and plutonium in biota from 
the floodplain, consistant with the relationship of cesi.m to plutonium 
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c o n c e n t r a t i o n s  i n  t i s s u e  obse rved  n e a r  t h e  Los Alamos s i t e  i n  New Hexico.  

The s t u d i e s  on o t h e r  species  p o i n t  t o  many unanswered q u e s t i o n s ,  
t roublesome i s s u e s ,  and e t h i c a l  p roblems o f  o u r  r e l a t i o n s h i p  t o  o t h e r  s p e c i e s .  
It w a s  found t h a t  t h e  common redworm had been  exposed t o  an  a v e r a g e  dose r a t e  
of 230,000 mrad per  y e a r  for a b o u t  150 g e n e r a t i o n s ,  and had developed  new 
chromosomal a b b e r a t i o n s - - g e n e t i c  d r i f t - - a s  a r e s u l t .  (See  T a b l e  2.) I t  w a s  
found t h a t  t h e  p ipe -o rgan  and mud-dauber wasps seemed t o  p r e f e r  t o  b u i l d  t h e i r  
n e s t s  of r a d i o a c t i v e  l a k e  mud w h i l e  t h e  black-and-yel low mud-dauber wasps seem 
t o  c a r e f u l l y  a v o i d  t h i s  mud. I t  was a l s o  l e a r n e d  a t  Oak Ridge t h a t  wh i l e  honey 
bees can  i n d i v i d u a l l y  s u r v i v e  h i g h  r a d i a t i o n  f i e l d s ,  s m a l l e r  d o s e s  comple t e ly  
d e s t r o y  t h e  h i g h l y  o r g a n i z e d  s o c i a l  envi ronment  of  t h e  h i v e . [ 2 1 ]  

Table-2.  Chromosome A b e r r a t i o n s  i n  I r r a d i a t e d  and N o n i r r a d i a t e d  N a t u r a l  
P o p u l a t i o n s  of Redvorms (Chironomus t e n t a n s ) .  

~~~~ ~~ ~ 

Irradiated Nonirradiated 
populations populations 

Larvae analyzed 692 7 14 
%umber  o f  different 

mvcrs ionr  found 
in both popu- 
lations 6 6 

Number of different 
- ~ ~ : S . ~ - S ~  ,ruquc 

lation 10 0 
10 c \ T e  POFU- 

S u m b c r  of deletions 
unique  10 one 
pof - i a t ion  1 0 , 

i 
Y 

R e c e n t l y  Oak Ridge s c i e n t i s t s  d i s c o v e r e d  t h a t  f i s h  may r e a c t  t o  t h e  stress 
o f  a r a d i o a c t i v e  envi ronment  o r  body-burden by producing  more o f f s p r i n g . [ 2 2 ]  
While t h e  e f f e c t ,  i f  p roven ,  may s e r v e  t o  compensate  a species and p reven t  
e x t i n c t i o n ,  imbalances  of t h i s  t y p e  may a l s o  l e a d  t o  an a r t i f i c i a l  dominance of 
p a r t i c u l a r  species w i t h i n  a n  e c o n i c h e .  A c h a i n  of f u r t h e r  imbalances  may 
r e s u l t  from t h a t  u n n a t u r a l  dominance,  i n c l u d i n g  secondary  s p e c i e s  e x t i n c t i o n .  

4.4 The Trench  Sites  

The end of t h e  War b rough t  a number of  changes  i n  t h e  management of  Oak 
Ridge,  bu t  i t  d i d  n o t  a l l e v i a t e  t h e  p r e s s u r e s  of p r o d u c t i o n  q u o t a s .  All 
t h rough  t h e  1950s, t h e  Un i t ed  S t a t e s  was engaged i n  a r a c e  w i t h  t h e  S o v i e t  
Union t o  b u i l d  enough n u c l e a r  weapons t o  d e t e r  an  a t t a c k  by t h e  o t h e r .  The 
more weapons e i t h e r  s i d e  a c q u i r e d ,  t h e  higher t h e  l e v e l  of weapons each  f e l t  
would be n e c e s s a r y  for e f f e c t i v e  d e t e r e n c e .  I n  t h i s  a tmosphere  of c o m p e t i t i o n  
f o r  s u r v i v a l ,  w a s t e  management a g a i n  t o o k  a back  s e a t .  

Between 1951 and 1965 ,  abou t  40 m i l l i o n  g a l l o n s  of r adwas te s  were s l u r r i e d  
i n t o  long  e a r t h e n  t r e n c h e s  a t  Oak Ridge s i tes .  Vnder ly ing  t h e  t r e n c h e s  w a s  a 
deep s t r a t a  o f  Conasauga s h a l e .  The X C  e n g i n e e r s  b e l i e v e d  t h a t  i f  and when 
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h o t  s l u r r y  e scaped  t h e  t r e n c h e s ,  i t  would b e  abso rbed  by t h e  porous rock  and 
r a d i o a c t i v e  e l e m e n t s  would bond w i t h  t h e  s h a l e .  There i t  was hoped they  would 
r ema in  c o n f i n e d ,  s a f e l y  bonded i n  r o c k ,  f o r  t housands  of y e a r s . [ 2 3 ]  

The Tennesseans who had had t h e i r  o u t h o u s e s  bu l ldozed  by t h e  Corps o f  
E n g i n e e r s  p r o b a b l y  would have known b e t t e r .  Groundwater washed through t h e  
t r e n c h e s  e v e r y  time i t  r a i n e d .  At Oak Ridge t h e  mean annua l  r a i n f a l l  i s  125 
c m .  With t h i s  p e r e n n i a l  f l ow,  t h e  r a d i o a c t i v e  e l emen t s  soon l e f t  t h e  t r e n c h e s  
and found t h e i r  way i n t o  s u r r o u n d i n g  s o i l ,  i n t o  t h e  t r i b u t a r i e s  o f  t h e  C l i n c h  
R i v e r ,  and o f f  t h e  Oak R idge  r e s e r v a t i o n .  

SO bad d i d  one " c o b a l t  s eep"  become t h a t  o u t s i d e  s c i e n t i s t s  were c a l l e d  i n  
by  t h e  AEC t o  s t u d y  t h e  problem. They found t h a t  B u r i a l  T rench  No. 7 w a s  
c o n t a m i n a t i n g  a s p r i n g  t h a t  r a n  d i r e c t l y  i n t o  White Oak Creek. The s t u d y  g roup  
found  n o t  o n l y  e l e v a t e d  l e v e l s  o f  uranium, plutonium, curium, thorium, and 
r ad ium in t h e  s p r i n g ,  b u t  d a n g e r o u s  l e v e l s  o f  mercury and PCBs.[24] 

Oak Ridge managers now s a y  t h a t  t h e  t o t a l  sum of r a d i o a c t i v i t y  r e l e a s e d  t o  
t h e  r i v e r  amounts t o  less t h a n  7 c u r i e s  p e r  y e a r .  T h i s  i s  n o t  t o  s a y  t h a t  t h e  
t o t a l  r e l e a s e d  The C l inch  R i v e r  i.&still 
a l o n g  ways from t h e  s e v e r a l  p o i n t s  o f  2 i s c h a r g e  now l e a k i n g .  How much is  i n  
t he  g round ,  and g roundwate r ,  i s  i n d e t e r m i n a t e .  How much i s  b e i n g  added d a i l y  
i s  u n d i s c l o s e d .  

i n t o  t h e  env i ronmen t  i s  t h i s  amount. 

4.5 River Ecology 

L o u i s  G. Williams, a b i o l o g i s t  and p r o f e s s o r  e m e r i t u s  of eco logy  a t  t h e  
U n i v e r s i t y  of  Alabama i n  T u s c a l o o s a ,  h a s  f o r  s e v e r a l  y e a r s  measured t h e  u p t a k e  
o f  r a d i o n u c l i d e s  by p l a n k t o n  and o t h e r  a q u a t i c  organisms i n  the  food web of t h e  
T e n n e s s e e  R i v e r  which f l o w s  s o u t h  f rom i t s  c o n f l u e n c e  w i t h  t h e  C l i n c h  and i n t o  
Alabama. I n  1978, when H u r r i c a n e  David soaked t h e  Oak Ridge b u r i a l  g rounds ,  
W i l l i a m s  measured a " s l u g "  of r a d i o a c t i v e  material  t r a v e l i n g  down t h e  r i v e r  by 
m e a s u r i n g  i t s  c o n c e n t r a t i o n s  i n  t h e  food  web. "I found c o n c e n t r a t i o n s  o f  
c o b a l t  t h a t  were 6,000 t imes h i g h e r  t h a n  background, and c o n c e n t r a t i o n s  of 
s t r o n t i u m  and cesium 8,000 t o  10,000 t imes  h i g h e r , "  he r e p o r t e d . [ 2 5 ]  

A t  t h e  p r e s e n t  t i m e  s t a t e  r a d i o l o g i c a l  s a f e t y  i n s p e c t o r s  a r e  n o t  r o u t i n e l y  
p e r m i t t e d  t o  i n s p e c t  Oak Ridge d i s c h a r g e  p o i n t s  i n t o  Tennessee c r e e k s  and 
streams. U s u a l l y  a s t a t e  i n s p e c t o r  w i l l  d r i v e  t o  G a l l a n e r  b r i d g e  over  t h e  
C l i n c h  R i v e r  a mile  below t h e  Bear Creek  o u t l e t ,  s e v e r a l  m i l e s  from the  Y-12 
and X-10  p l a n t s ,  and d r o p  a "grab-bag" in f o r  a monthly sample of  r i v e r  water 
a t  midstream. Then t h e  i n s p e c t o r  w i l l  walk a l i t t l e  f a r t h e r  downstream and 
t a k e  a second sample a t  C l i n c h  R i v e r  m i l e  10, some d i s t a n c e  below t h e  P o p l a r  
C r e e k  o u t l e t  n e a r  K-25. These  two s a m p l i n g  p o i n t s  form t h e  S t a t e ' s  b e s t  g u e s s  
f o r  what i s  b e i n g  d i s c h a r g e d .  

4.6 Tritiur 

T r i t i u m ,  o r  E-3, i s  d i s c h a r g e d  by b o t h  X-10 and Y-12. T h e  human body 
r e g a r d s  tr i t ium, which u s u a l l y  comes t o  i t  i n  the form of t r i t i a t e d  w a t e r  
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m o l e c u l e s ,  as no  more harmful  t h a n  water. The b a s i c  b u i l d i n g  b locks  of l i f e ,  
i n c l u d i n g  o u r  DNA and RNA, cannot  d i s t i n g u i s h  between a hydrogen atom t h a t  h a s  
one e l e c t r o n  and  hydrogen t h a t  h a s  two or  t h r e e  e l e c t r o n s .  It i s  s imply  
a s s i m i l a t e d  i n t o  t h e  c e l l u l a r  o r  g e n e t i c  material. 

T r i t i u m  is a deadly  i s o t o p e .  S i x  m i l l i g r a m s  i n g e s t e d  i n t o  t h e  body w i l l  
c a u s e  d e a t h  w i t h i n  48 hours.  Because i t  h a s  a s h o r t e r  h a l f l i f e  t h a n  
p lu tonium,  i t  d e l i v e r s  n e a r l y  200 times more r a d i a t i o n  p e r  gram.[26] 

Normally t h e  t r i t i u m  found i n  r i v e r  water is below t h e  l i m i t s  of d e t e c t i o n  
( a b o u t  100 p C i / l  f o r  s t a t e  l a b o r a t o r i e s ) .  But no t  i n f r e q u e n t l y ,  t h e  r i v e r  
water sampled a t  both G a l l a h e r  b r i d g e  and C l i n c h  m i l e  10 c o n t a i n s  measurable  
amounts of tritium. I n  J u n e ,  1981, 2,743 p C i / l  of t r i t i u m  was recorded  from 
t h e  monthly grab-bag a t  G a l l a h e r  and 23,241 p C i / l  (2.34 x 10E-12 grams) from 
m i l e  10. S i n c e  t h e  l i m i t  a l lowed by t h e  NRC f o r  o f f - s i t e  water  samples i s  3 
m i l l i o n  p C i / l  [ 2 7 ] ,  t h e  tritium w a s  w i t h i n  t h e  f e d e r a l  and s t a t e  l i m i t s  a f t e r  
b e i n g  d i l u t e d  w i t h  s e v e r a l  m i l l i o n  p a r t s  of r i v e r  water. 

Given t h a t  sof  t - d r i n k  b o t t l e r s  and m u n i c i p a l  water s u p p l i e s  are 
downstream, and g iven  a l s o  t h a t  t r i t i u m  i s  but  one of hundreds of r a d i o n u c l i d e s  
d i s c h a r g e d  by Oak Ridge, t h e  r i s k s  become s e r i o u s  indeed.  It wouldn ' t  matter 
t h a t  p u b l i c  water was c h l o r i n a t e d  or f i l t e r e d  f i r s t ,  because t h a t  would have n o  
e f f e c t  on t r i t i u m ,  which i s  molecular ly  bonded t o  t h e  water. By t h e  t i m e  t h e  
t r i t i u m  r e a c h e s  t h e  end-users ,  it i s  very  d i l u t e ,  but i t  i s  s t i l l  p r e s e n t . [ 2 8 ]  
The p u b l i c  h e a l t h  impact i s  t h e r e ,  i t  j u s t  may n o t  be capable  of immediate 
d e t e c t i o n .  

4.7 Nev Hope Pond and East Fork Poplar Creek 

There are perhaps 100 s e p a r a t e  d i s c h a r g e  p i p e s  coming from t h e  p r o d u c t i o n  
p l a n t s  a t  Y-12. [29]  These p i p e s  d r a i n  i n t o  t h e  " i n d u s t r i a l  d i t c h "  which i s  
t h e  aboveground t r e n c h  l e a d i n g  down Ches tnut  Ridge ,  p a s t  t h e  c o a l  p i l e  a t  t h e  
New Hope steam p l a n t ,  and i n t o  New Hope Pond. The u n t r e a t e d  d i s c h a r g e s  i n c l u d e  
r i n s e  water from t h e  m e t a l  p l a t i n g  shop, l a b  d r a i n s ,  mop water, laundry  w a t e r ,  
l i q u i d  c o o l a n t s ,  and t r a c e  amounts of mercury. N e w  Hope Pond was b u i l t  i n  1963 
to  d i l u t e  t h e  d i s c h a r g e  before  i t  l e a v e s  f e d e r a l  p r o p e r t y  and e n t e r s  t h e  E a s t  
Fork P o p l a r  Creek.  Approximately 6 m i l l i o n  g a l l o n s  of water  a r e  added each day 
t o  i n s u r e  t h a t  d i l u t i o n  i s  adequate .  

Downstream, i n  t h e  East Fork P o p l a r  Creek ,  there is  no a q u a t i c  l i f e .  
S t u d i e s  show h i g h  l e v e l s  of mercury,  uranium, thorium and PCBs i n  t h e  c r e e k  
sed iments .  P l a n t  l i f e  growing b e s i d e  t h e  c r e e k  i n  December, 1981, w a s  found t o  
have t h e  h i g h e s t  c o n c e n t r a t i o n s  of mercury i n  any  material e v e r  ana lyzed  by t h e  
U.S. G e o l o g i c a l  Survey. The G e o l o g i c a l  Survey r e s e a r c h e r s  who r e p o r t e d  t h e i r  
f i n d i n g s  i n  F e b r u a r y ,  1982, were c h a r g i n g  o f f i c i a l  "cover-up" by Hay 2 1 ,  1983. 

The mercury is p a r t  of a s e c r e t i v e  p r o c e s s  used a t  Y-12 t o  s e p a r a t e  
l i thium-6 from n a t u r a l  l i t h i u m .  The s e p a r a t i o n  p r o c e s s  used is one p ioneered  
by James A .  McLaren a t  Edinborough, S c o t l a n d  in 1931. I t  i n v o l v e s  an  
e l e c t r o l y t i c  c e l l  of mercury through which l i t h i u m  is  passed,  whi le  a 

TEE twruRAL RIGHTS CmTRR - 16 - MAY 30, 1983 

2 



OAJK Bu)Q! BRIEFING CHAPTEE 4 :  THE PROBLEM: W A S T E  MANACDEm AT OAK RIDGE 

c r o s s - c u r r e n t  draws o f f  t h e  l i g h t e r  l i thium-6.  A f t e r  t h e  d i s c o v e r y  of 
l i th ium-6  i n  R u s s i a n  f a l l o u t ,  McLaren was brought  t o  Oak Ridge and asked t o  
d e s i g n  t h e  American p r o c e s s .  McLaren now compla ins  t h a t  s t a n d a r d s  a t  t h e  
f a c i l i t y  were s loppy.  H e  s a y s  he c o u l d  have e a s i l y  d e s i g n e d  a process  t o  
r e c o v e r  t h e  mercury as vel1 a s  t h e  l i t h i u m ,  b u t  t h a t  WE, t h e n  AEC, was n o t  
i n t e r e s t e d .  He h a s  sued t h e  government f o r  n e g l i g e n t l y  c o n t a m i n a t i n g  him w i t h  
r a d i a t i o n ,  r e s u l t i n g  i n  h i s  t e r m i n a l  bone c a n c e r .  

According t o  a secret  DOE s t u d y  o b t a i n e d  by t h e  Appalachian  Observer  under 
the Freedom of I n f o r m a t i o n  A c t ,  2.4 m i l l i o n  pounds of m e r c u r y  have been l o s t  t o  
t h e  environment from Y-12 s i n c e  1955. 87-percent  of t h e  b l u e g i l l  c o l l e c t e d  i n  
t h e  nearby C l i n c h  River  ' exceed  t h e  Food and Drug A d m i n i s t r a t i o n  a c t i o n  l e v e l  
for mercury-and some of them are  300 times t h e  a l l o w e d  e d i b l e  l i m i t .  The 
u n r e p o r t e d  d i s c h a r g e s  o f  mercury i n  t h e  1950s exceeded  s t a t e  g u i d e l i n e s  by 
n e a r l y  3,000 times, and d i d  so c o n s i s t a n t l y ,  month a f t e r  month, y e a r  a f t e r  
y e a r  

4.8 The S-3 Ponds and Bear Creek 

A t  t h e  o t h e r  end of Y-12, d i s c h a r g e  p i p e s  d r a i n  some 1.5 m i l l i o n  &dlons 
of  was tes  ( p e r  y e a r )  i n t o  t h e  headwaters  of  Bear Creek.  The w a s t e s  ikc lude  
p l a t i n g  s l u d g e s  and s o l u t i o n s ,  n i t r i c  and h y d r o c h l o r i c  a c i d s ,  s t r i p p i n g  and 
c l e a n i n g  s o l v e n t s ,  uranium, b e r y l l i u m ,  thorium, h a l o g e n a t e d  s o l v e n t s ,  
non-halogenated s o l v e n t s  and o t h e r  s u b s t a n c e s .  They flow i n t o  four  d iked  
ponds,  known a s  t h e  "S-3" h o l d i n g  ponds. 

These ponds a r e  u n l i n e d  and l e a k  badly.  The wastes are comple te ly  
u n t r e a t e d  and e v e n t u a l l y  e i t h e r  l e a k  i n t o  Bear Creek or e v a p o r a t e  o f f  t o  t h e  
a i r .  The n e a r e s t  s t a t e  u a t e r  q u a l i t y  moni tor ing  s t a t i o n  is 5 m i l e s  downstream, 
b u t  i t  only  m o n i t o r s  f o r  grease, o i l ,  and a c i d i t y .  

4.9 O i l  Pond 

J u s t  Xorth o f  Bear Creek Road as i t  c r o s s e s  t h e  County l i n e  i s  a pond, 
b u i l t  i n  1968, which c a t c h e s  t h e  runoff  from s e v e r a l  o l d  d i s p o s a l  t renches .  
For  perhaps 20 y e a r s ,  t h e s e  t r e n c h e s  were used f o r  dumping o i l s  and s o l v e n t s  
l a c e d  w i t h  PCBs and o t h e r  was tes .  The t r e n c h e s  were s t i l l  i n  u s e  a s  r 2 c e n t l y  
as  1978,  a l t h o u g h  l e a k i n g  was observed  t o  be o c c u r r i n g  i n  t h e  h i l l s i d e  i n  1968, 
which is why t h e  pond w a s  b u i l t .  A sample t a k e n  from t h e  edge of t h e  Tend i n  
1983 showed 906.5 p a r t s  p e r  m i l l i o n  of PCBs.  It c o n t i n u o u s l y  d i s c h a r g e s  i n t o  a 
Bear Creek t r i b u t a r y .  

U n t i l  October, 1981, chemica l  w a s t e s  ( i n c l u d i n g  c y a n i d e )  were dumped i n t o  
an " i s o l a t i o n  a r e a "  j u s t  u p h i l l  from t h e  o i l  pond and  t r e n c h e s .  Disposa l  
i n c l u d e d  both " e v a p o r a t i o n  p i t s "  and "s tand  p i p e s "  ( s h a l l o w  w e l l s ) .  The S t a t e  
h a s  deterzi ined t h a t  groundwater  on t h i s  h i l l s i d e  h a s  b e e n  s e v e r e l y  c o n t a z i n a t e d  
by p e r c h l o r e t h e l y e n e  and o t h e r  chemica ls .  

There a r e  a l s o  two a c t i v e  p i t s  i n  t h e  watershed  above  t h e  o i l  pond and 
more p i t s  a r e  b e i n g  dug i n  t h e  same a r e a .  Contaminated s o l i d  was te  i s  dumped 
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i n t o  t h e  p i t s ,  where i t  mixes w i t h  groundwater  and s u r f a c e  r u n o f f .  The p i t s  
are used f o r  t h e  d i s p o s a l  of  e n r i c h e d  uranium waste .  T h e r e  i s  no d a i l y  
c o v e r i n g  of t h e  wastes. The f r e s h l y  dug p i t s  are s l o w l y  f i l l i n g  up w i t h  water. 
The g roundwate r  i s  c a r r y i n g  t h e  r a d i o a c t i v e  wastes d e e p e r  w i t h  e v e r y  r a i n f a l l .  

Down Bear Creek Road a l i t t l e  ways i s  t h e  " O i l  Land Farm", a plowed f i e l d  
where o i l s  c o n t a i n i n g  uranium and o t h e r  heavy metals a r e  d e p o s i t e d  and plowed 
i n .  S u r f a c e  r u n o f f  c a r r i e s  t h e  b l a c k  chemica l  waste t h r o u g h  a marshy area and 
i n t o  Bear Creek. 

These are j u s t  some of t h e  d i s c h a r g e  p o i n t s  from Y-12. Yet t o  be s t u d i e d  
i n  d e t a i l  are  t h e  d i s c h a r g e  p o i n t s  from the s p e n t  f u e l  s e p a r a t i o n  p r o c e s s e s  and 
i s o t o p e  l a b o r a t o r i e s  a t  X - 1 0 ,  o r  t h e  h e x a f l u o r i n e  d i s c h a r g e s  and uranium 
d i s p o s a l  p i t s  a t  K-25, which may be e q u a l  o r  g rea te r  h a z a r d s  t o  human h e a l t h .  

4.10 Deep-Rock Injection 

Oak Ridge now d i s p o s e s  o f  i t s  h i g h  and low l e v e l  n u c l e a r  wastes by a 
method known as deep-rock h y d r o f r a c t u r e .  A 6- inch w e l l  c a s i n g  i s  d r i l l e d  t o  a 
d e p t h  of  a b o u t  1000 feet  i n  the Conasauga s h a l e .  The w e l l  i s  t h e n  cazFd and 
plugged a t  t h e  bottom. A s l i t  i s  s a n d b l a s t e d  i n  t h e  c a s i n g  a f e w  f e e t  fr'om t h e  
base  and water i s  pumped i n t o  t h e  w e l l  unde r  p r e s s u r e s  of 2500 p s i .  The 
p r e s s u r e  p r o p a g a t e s  h o r i z o n t a l  c r e v i c e s  i n  t h e  s h a l e .  A m i x t u r e  of c l a y ,  f l y  
a s h ,  cement,  h i g h - l e v e l  r a d w a s t e  and s u g a r  ( t o  c o n t r o l  t h e  r a t e  of  
s o l i d i f i c a t i o n )  is  then pumped unde r  p r e s s u r e  i n t o  t h e  f r a c t u r e .  The r e s u l t i n g  
d e p o s i t  i s  g e n e r a l l y  a t h i n ,  sweet pancake v i t h  a 150-meter r a d i u s .  

A f t e r  few months,  a n o t h e r  s l o t  i s  opened i n  t h e  c a s i n g ,  pe rhaps  t e n  f e e t  
above t h e  l a s t ,  and t h e  p r o c e d u r e  i s  r e p e a t e d .  Each t i m e  some 80,000 g a l l o n s  
c o n t a i n i n g  some 40,000 C i  (1,480,000,000,000,000 dps )  o f  m o s t l y  s t r o n t i u m  and 
cesium i s  d e p o s i t e d .  By 1971,  t h e  amount of  cesium i n  s h a l e  s t r a t a  below Oak 
Ridge r e p r e s e n t e d  7 .5  thousand t r i l l i o n  d i s i n t e g r a t i o n s  per second.  The haza rd  
o f  s eepage  of  t h a t  r a d i o a c t i v i t y  w i l l  remain f o r  abou t  1,6OO-years, t h e  t i m e  i t  
w i l l  t a k e  t h a t  volume of  cesium t o  decay  t o  less t h a n  o n e  dps.  

Recent c h a n g e s  i n  Tennessee  groundwater  p r o t e c t i o n  r e g u l a t i o n s  ban t h e  
d i s p o s a l  o f  haza rdous  materials,  i n c l u d i n g  r a d i o a c t i v e  wastes, by deep-rock 
i n j e c t i o n . [ 3 0 ]  H y d r o f r a c t u r e  is  s p e c i f i c a l l y  p r o h i b i t e d ,  because  t h e  d i r e c t i o n  
and e x t e n t  of  t h e  f r a c t u r e  i s  a n  i n d e t e r s i n a t e  r i s k .  WE h a s  j u s t  completed a 
new waste i n j e c t i o n  f a c i l i t y ,  w i t h  a n  expec ted  a c t i v e  l i f e  of  15 y e a r s .  DOE 
p l a n s  t o  resume h y d r o f r a c t u r i n g  a t  Oak Ridge i n  1983, unde r  t h e  c o n t i n u i n g  
presumption t h a t  a s t a t e  may n o t  r e g u l a t e  a f e d e r a l  r e s e r v a t i o n  i n  g e n e r a l  and 
n u c l e a r  power i n  s p e c i f i c .  A f t e r  t h e  backlog of  wastes t h a t  h a s  been a w a i t i n g  
c o n s t r u c t i o n  of t h e  new w e l l  is e l i m i n a t e d ,  DOE p l a n s  t o  decommission i t s  o l d  
underground s torage t a n k s  and i n j e c t  the h i g h - l e v e l  r a d w a s t e  s l u d g e s  i n t o  t h e  
deep s h a l e .  
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4.11 b d v a s t e  I n c i n e r a t i o n  

The Department of Energy is  c o n s t r u c t i n g  a volume r e d u c t i o n  
system--radwaste i n c i n e r a t o r - - t o  b u r n  i t s  c o m b u s t i b l e  low l e v e l  wastes p r i o r  t o  
d e e p  r o c k  i n j e c t i o n .  P r e v i o u s l y ,  i n c i n e r a t i o n  had b e e n  r u l e d  o u t  because of 
c o n c e r n  for ambien t  a i r  s t a n d a r d s .  However, r e c e n t  o p e r a t i n g  e x p e r i e n c e  a t  Los 
Alamos encouraged DOE t o  e x t e n d  the i d e a  t o  i t s  o t h e r  n a t i o n a l  l a b o r a t o r i e s  in 
o r d e r  t o  r educe  t h e i r  waste  volumes and c u t  o p e r a t i n g  e x p e n s e s . [ 3 1 ]  Radwaste 
i n c i n e r a t i o n  - c a n  be d i r e c t l y  p r o s c r i b e d  by s t a t e  l a w ,  u n d e r  t h e  e x i s t i n g  
p r o v i s i o n s  of t h e  Clean Air Ac t . [32 ]  



CHAPTER 5 

TEROUING HONEY AT SOLUTIONS 

On March 8 ,  1983, the Eas t  Tennessee  R e g i o n a l  O f f i c e  of t h e  Tennessee  
. Department of P u b l i c  H e a l t h  i s s u e d  a N o t i c e  of Non-Compliance t o  t h e  Oak Ridge 

O p e r a t i o n s  O f f i c e  for i l l e g a l  d i s c h a r g e s  f rom t h e  Y-12 p l a n t .  T h i s  was t h e  
f i r s t  s t e p  i n  t h e  p r o c e s s  o f  en fo rcemen t .  

On A p r i l  8 ,  t h e  Department  o f  Energy m e t  w i t h  t h e  S t a t e  and w i t h  t h e  U.S. 
Environmental  P r o t e c t i o n  Agency (EPA) i n  A t l a n t a  t o  i r o n  o u t  d i f f e r e n c e s  o f  
o p i n i o n  c o n c e r n i n g  j u r i s d i c t i o n .  On A p r i l  22, 1983, t h e  EPA forwarded t o  t h e  
S t a t e  and DOE a d r a f t  Memorandum of  Under s t and ing  t o  c l a r i f y  compliance 
o b j e c t i v e s .  A f t e r  f u r t h e r  n e g o t i a t i o n s  on May 25 and 2 6 ,  t h i s  Xemorandum w a s  
s i g n e d  by a l l  p a r t i e s .  The Memorandum r e q u i r e s :  

1. DOE w i l l  p r e p a r e  a map of Y-12 d i s c h a r g e s .  

2 .  DOE w i l l  c h a r a c t e r i z e  t h e  c o n t e n t  of t h e  d i s c h a r g e s  and d e s c r i b e  t h e  
sou rce  p r o c e s s e s .  

i 
3. DOE w i l l  submi t  a n  a r e a w i d e  m o n i t o r i n g  p l a n  and m i t i l a t i o n  

p roposa l s .  

4. WE w i l l  a p p l y  t o  t h e  S t a t e  f o r  p e r m i t s  by November 1 5 ,  1983. 

5 .  DOE w i l l  c l o s e ,  i s o l a t e ,  and sea l  i t s  waste dumps a t  New Hope Pond, 
Nev Hope S l u d g e  D i s p o s a l  Area, t h e  S-3 ponds,  t h e  PCB p i t  pond, t h e  Oil 
Land Farm, and all o t h e r  d i s p o s a l  p i t s .  

6 .  DOE w i l l  c o n d u c t  a c o m p l e t e  i n v e n t o r y  of waste dump s i tes .  

7 .  DOE w i l l  p r e p a r e  a c o m p l e t e  a s s e s s m e n t  of mercury c o n t a m i n a t i o n  and 
a remedial  p l a n .  

8. DOE w i l l  s t u d y  g roundwate r  c o n t a m i n a t i o n  f o r  t h e  Y-12 area, 
i n c l u d i n g  t h e  r i d g e  d i s p o s a l  t r e n c h e s .  

The Memorandum a l s o  sets t i m e t a b l e s  f o r  compl i ance ,  a l t h o u g h  t h e  DOE h a s  
s a i d  i t  o b j e c t s  t o  any immediate a c t i o n ,  b e c a u s e  i t  i s  c o n s t r a i n e d  by budget  
a p p r o p r i a t i o n s  f o r  t h e  c u r r e n t  f i s c a l  y e a r .  DOE a l s o  r e f u s e s  t o  c l o s e  any of 
the ponds o r  d i s p o s a l  p i t s  u n t i l  a new t r e a t m e n t  f a c i l i t y  c a n  b e  c o n s t r u c t e d .  

While t h e  Memorandum is a good s t a r t i n g  p o i n t ,  t h e  s t u d y  and r e d e s i g n  
p r o c e s s  w i l l  t a k e  s e v e r a l  y e a r s  t o  complete .  Moreover, i t  o n l y  a d d r e s s e s  t h e  
s i t u a t i o n  a t  Y-12, and d o e s  n o t  a d d r e s s  t h e  o t h e r  d i s c h a r g e  p o i n t s  from f e d e r a l  
f a c i l i t i e s  a t  Oak Ridge. Undoubtedly t h e s e  s t u d i e s  and t h e  r a e d i a l  a c t i o n s  
w i l l  t a k e  a l o t  of money- -b i l l i ons  of d o l l a r s  i n  t h e  f i n a l  a n a l y s i s .  
O b j e c t i o n s  may be r a i s e d  t o  t h e s e  e x p e n d i t u r e s ,  b o t h  w i t h i n  t h e  d e f e n s e  n u c l e a r  
community and w i t h i n  a budget-minded Congress .  S t i l l ,  w i t h  $1 b i l l i o n  d o l l a r s  
per day be ing  s p e n t  f o r  m i l i t a r y  d e f e n s e  in t h e  l a t e r  years of  t h i s  decade,  
w h a t ' s  one o r  two days work a f t e r  40 y e a r s  o f  n e g l e c t ?  

THE NATURAL EIGHTS CENTER - 20 - MAX 30, 1983 



TBE J U R L S D I ~ I O N A L  QUESTION 

"The interrelationship of federal and state authority in the nuclear 
energy field has not been simple.. . ." 

-- Justice Byron White in Pacific Gas and Electric Company, et al. v. State 
Energy Resources Conservatlon and Development Commission, et al. (April 20, 
1983). 

Who protects the general public from pollution from Oak Ridge facilities? 
Two possibilities exist: the state and federal governments. Yet the Department 
of Energy claims exclusion from regulation by either, as successor to the 
Atomic Energy Commission. Cloaking itself in the secrecy of the Atomic Energy 
Act of 1954, DOE holds at bay the Nuclear Regulatory Commission, the 
Environmental Protection Agency, and all governmental divisions of the State of 
Tennessee. 

Those members of Congress who participated in drafting the Atomic Energy 
Act were keenly aware that many unknown factors were involved in measuring the 
impact of atomic energy upon the national well-being. Indeed, the primary 
reason for establishing a federal monopoly under the 1946 Act had be to 
assure public health and safety while the unknowns were being explored.[33 f 

In deliberations on the 1954 Act, there were two steps discussed by 
Congress as being of possible assistance in providing protection of the public. 
First, a realistic set of regulations would be developed by a government body, 
within or independent of AEC. Second, the AEC would administer the 
regulations. Congress then proceeded to make the same agency which was 
responsible for development and promotion of nuclear energy its own regulator. 
This arrangement continued for twenty years, fully covering the formative years 
of development of radiation protection policies. 

Only after the conflict of interest became apparent--with the cover-up of 
fallout health effects from weapons tests--did Congress finally separate the 
regulatory and developmental functions with the Energy Reorganization Act of 
1974. After 1974, the Energy Resource and Development Agency (ERDA)--nov 
DOE--took on nuclear production and promotion, and the Nuclear Regulatory 
Commission (rU?zC) took on regulation. However, DOE has maintained since the 
separation that while NRC may not have to pay alimony, neither does it get 
control of the Oak Ridge homestead. DOE clairns that the "Comission," referred 
to as regulator of byproducts and wastes from its production facilities in the 
Act, now means DOE, not NRC, as successor to the AEC. 

Section 274(c) of the 1954 Act, 42 U . S . C .  5 2021(c)(4) states that 
"byproduct, source or special nuclear material" from federal activities 
"should, because of the hazards or potential hazards thereof, not be disposed 
of without a license from the Commission." For its part, NRC has not been 
aggressive in asserting jurisdiction. As numerous panels, commissions, and 
committees have concluded since the Three Mile Island accident, the mindset 
which characterized the regulatory posture of the AEC lingers still at K R C . [ 3 4 ]  
RRC is content not to have to deal with the difficult questions of nuclear 
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OAK RIDGE BRIEFING CHAPTER 6: TBE JURISDI~IONAL QUESTIOR 

mismanagement at national laboratories and defense plants. 

It I s  our belief that NRC possesses the statutory authority to regulate 
the Oak Ridge facilities, although this authority could be made more clear.[35] 
The Act directs "the Commission" to "exercise its powers In such manner as to 
insure ... the production of health and the promotion of safety during 
research and production activities"[36] ... "to protect the health and 
minimize danger. ** [ 37 J 

The authority claimed by DOE for an exclusion from XRC licensing is far 
more tenuous. Section 110 of the Act, "Exclusions," removes from regulation 
only the Department of Defense, not the Department of Energy. 

DOE claims it was exempted from licensing in 1974 by the Energy 
Reorganization Act. In that Act, Congress gave ERDA (now DOE) responsibility 
for insuring that its programs were environmentally sound and not adverse to 
public health and safety. 138) But notwithstanding the general exemption of 
E R D A  programs from NRC licensing, Congress enacted section 202 of the 1974 Act 
to give NRC jurisdiction over ERDA reactors and waste management practices. 
Section 202 was not retroactive, but provided NRC authority to regulage any 
waste facilities built by ERDA or with ERDA appropriations after 1974.vhich 
would handle wastes for any period longer than ten years. The Senate Report 
reasoned : 

"At present, most of the wastes which are leaking from temporary tanks 
at AEC storage facilities are from the weapons programs. The committee 
intends that nev facilities now being planned for long term storage of 
commercial wastes will meet the strict licensing standards of [NRC]." 
(391 

The wording of the 1974 Act may be construed to limit NRC jurisdiction 
over DOE to "high-level" nuclear wastes. "High-level" is generally defined as 
the second stage reprocessing wastes from spent fuel, or the equivalent level 
of radioactivity, a definition which places extremely toxic radioactive 
substances into the remaining categories of "low-level" or "transuranic" 
wastes. This may be the loophole through which DOE will seek to escape NRC 
licensure in the future. 

EPA has jurisdiction over all solid and hazardous uaste disposed at Oak 
Ridge under the authority of the Resource Conservation and Recovery Act. RCRA 
provides : 

"Each department, agency . and instrumentality of the federal 
government... shall be subject to, and comply with, all federal, 
state, interstate and local requirements ... respecting control and 
abatement of solid waste or hazardous waste disposal in the same 
manner, and to the same extent, as any person is subject to such 
requirements. " 

Yet in January, 1982, Paul Cahill, the director of EPA's Office of Federal 
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OAK RIDGE BILEPING CEAPTTCP 6: TEE JURISDI(;TIONAL QUESTION 

A c t i v i t i e s  r u l e d  Oak R idge  exempt, a p p a r e n t l y  m i s r e a d i n g  t h e  law. The  EPA 
t h e r e u p o n  d e f a u l t e d  upon i t s  o b l i g a t i o n s  t o  e n f o r c e  a p p l i c a b l e  f e d e r a l  
s t a n d a r d s  upon t h e  f e d e r a l  f a c i l i t i e s  a t  Oak Ridge. 

The S t a t e  has a u t h o r i t y  under  t h e  1977 amendments t o  t h e  C l e a n  Air  Act t o  
r e g u l a t e  r a d i o a c t i v e  e m i s s i o n s  t o  t h e  a i r . [ 4 0 ]  The S t a t e  a l s o  h a s  a u t h o r i t y  t o  
r e g u l a t e  s o l i d  waste d i s p o s a l  o f  non-nuclear  m a t e r i a l s . [ 4 1 ]  The q u e s t i o n  i s  
w h e t h e r  t h e  S t a t e  c a n  r e q u i r e  t h e  c l ean -up  of haza rdous  dump s i t e s  t h a t  a r e  
l e a k i n g  r a d i o a c t i v e  m a t e r i a l s  and p o i s o n i n g  t h e  env i ronmen t ,  and whe the r  i t  can  
r e g u l a t e  n u c l e a r  d i s c h a r g e s  t o  p r o t e c t  i t s  s o u r c e s  of  p u b l i c  d r i n k i n g  wa te r  f a r  
i n t o  the f u t u r e .  

The most a p p r o p r i a t e  a c t i o n  f o r  t h e  S t a t e  t o  t a k e  a t  t h i s  t i m e  i s  t o  seek  
NRC e n f o r c e m e n t ,  and i f  n e c e s s a r y ,  an XRC rulemaking o n  t h e  j u r i s d i c t i o n a l  
q u e s t i o n . [ 4 2 ]  If t h e  NRC d e c l i n e s  t o  assume j u r i s d i c t i o n ,  or t o  make t h e  
r u l i n g ,  t h e n - u n d e r  t h e  A p r i l  20,  1983 d e c i s i o n  i n - P a c i f i c  G a s - a n d  Elec t r ic ,  the  
S t a t e  shou ld  move t o  e n f o r c e  i t s  own r e g u l a t i o n s .  P a c i f i c  Gas and E l e c t r i c  

I 

s p e c i f i c a l l y  he ld  t h a t  s tates may t o t a l l y  p r o h i b i t  f e d e r a l l y  l i c e n s e d  n u c l e a r  
f a c i l i t i e s  where  no  s a f e  method of  waste d i s p o s a l  h a s  b e e n  demonstrated '  The 
S t a t e  i s  no l o n g e r  pre-empted from a c t i v e  enforcement  o f  e x i s t i n g  % t a t e  
r e g u l a t i o n s .  I f  t h e  NRC assumes j u r i s d i c t i o n ,  t h a t  agency shou ld  t a k e  
immediate  s t e p s  t o  r e q u i r e  r emed ia l  a c t i o n s  a t  Oak Ridge. I f  t h e  NRC does n o t  
assume j u r i s d i c t i o n ,  o r  d o e s  n o t  e f f e c t  a clean-up,  t h e n  t h e  S t a t e  should t a k e  
j u r i s d i c t i o n  upon i t s e l f  and o r d e r  compl i ance  with s t a t e  l a w s ,  and be  ;repared 
t o  o r d e r  t h e  c l o s i n g  of any of  t h e  Oak Ridge f a c i l i t i e s  t h a t  r e f u s e  t o  
comply.[43]  
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CONCLUSIONS AND RECOMMEXDAl'IONS 

DOE has argued that the amount of radionuclides migrating offsite t o  the 
Clinch River is less than 1 percent of the permissible limits after dilution 
and that concern is therefore groundless.[44] The State cannot obtain actual 
measurements of the discharge before dilution, which by itself constitutes 
non-compliance with existing laws. Under the present Xemorandum of 
Understanding, DOE will voluntarily provide a characterization of the 
wastestream discharges to the State and take such remedial action as it deems 
necessary to bring its discharges within reasonable limits. 

Under the Atomic Energy Act of 1 9 5 4 ,  as anended, the U.S. Nuclear 
Regulatory Commission has jurisdiction to regulate nuclear waste disposal from 
all federal facilities. NRC is obligated under the Act to assure that public 
health will not be endangered by nuclear activities. 

Likewise, under the Resource Conservation and Recovery Act, the 
Environmental Protection Agency has jurisdiction to regulate all 
non-radioactive and some radioactive (solid hazardous wastes) discharge2jfrom 
Oak Ridge. EPA is similarly obligated to assure that the public health will 
not be endangered, but its obligation is much more far reaching, extending to 
non-human species of life and to generations far into the future. 

While the State's Division of Solid Waste 3lanagement is eager to begin 
enforcement of standards for disposal of non-radioactive wastes at Oak Ridge, 
State radiological health authorities say they are ill-equipped to inspect and 
regulate the entire nuclear operation there. They would prefer to have the 
federal government shoulder its statutory responsibilities. It is therefore 
our recommendation that the State Attorney General petition the NRC to take 
jurisdiction over radioactive releases to the environment, and i f  no action is 
forthcoming, the Attorney General should ask the Commission for a formal 
rulemaking. 

Should the NRC rulemaking be denied, or prove inadequate, the final agency 
determination should then be appealed to federal court. The Attorney General 
should proceed with enforcement of State laws and be prepared to appeal the 
jurisdictional question to the U.S.  Supreme Court if necessary. In t?e 
nilantime, the State Department of Public Health can continue in its effort 10 

enforce the laws which remain well within its traditional jurisdiction. The 
Memorandum of Understanding provides a strict timetable which should be 
enforced by court action if necessary. Continuing violations should be halted 
at once. Cleanup operations should begin as soon as technically possible. 

Atomic energy is inherently a dangerous activity, one which generates many 
long-lived poisons that must be carefully kept from the environmc2t. White Oak 
Lake and East Fork Poplar Creek are perfect examples of what can happen in the 
absence of reliable governmental regulation. Oak Ridge still has radioactive 
releases to the environment of significant magnitude--well beyond the limits 
allowed by current state and federal regulations, even after dilution is 
facto red. 
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OAK BLDc;E BRIEFING CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 

It  d o e s n ' t  seem t o o  much t o  ask t h a t  t h e r e  be  one se t  of  s t a n d a r d s  f o r  a l l  
n u c l e a r  i n d u s t r i e s .  Union Carb ide ,  Montsano o r  DuPont s h o u l d n ' t  h a v e  a weaker 
s t a n d a r d  b e c a u s e  t h e y  are  r e g u l a t e d  by DOE t h a n  does TVA h a s  b e c a u s e  i t  i s  
r e g u l a t e d  by NRC. What c o n d i t i o n  would t h e  s t a t e  be i n  i f  TVA or N u c l e a r  F u e l  
S e r v i c e s  of E rwin  s u d d e n l y  s a i d  t ha t  t h e y  w e r e  exempt from a l l  s t a t e  and 
f e d e r a l  r e g u l a t i o n s  a t  a l l  of  t h e i r  f a c i l i t i e s ?  

DOE i s  t h e  p r o d u c t i o n  manager a t  Oak R idge  and i s  r e s p o n s i b l e  f o r  m e e t i n g  
p r o d u c t i o n  q u o t a s .  As s u c h ,  i t  i s  u n l i k e l y  t o  be i n t e r e s t e d  i n  s t r i c t  
en fo rcemen t  t h a t  cou ld  r e s u l t  i n  p r o d u c t i o n  d e l a y s .  It i s  n o t  a s u i t a b l e  
r e g u l a t o r  f o r  i t s  o w i  f a c i l i t i e s .  

The U.S. Congress  shou ld  t a k e  s t e p s  t o  c l a r i f y  t h i s  j u r i s d i c t i o n a l  
impasse ,  and t o  make one s e t  of s a f e t y  s t a n d a r d s  f o r  a l l .  U n t i l  t h a t  time, t h e  
S t a t e  shou ld  e n f o r c e  i t s  laws, and b e  p r e p a r e d  t o  d e f e n d  t h a t  en fo rcemen t  i n  
c o u r t .  

i P 
R e s p e c t f u l l y  s u b m i t t e d ,  

Albert  Bates 
D i r e c t o r  
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OAK RIDGE BBIEPLNG APPENDIX A: NOTES AND BEFERENCES 

g r e a t e r  e f f e c t s  of radon-222 r e l eased  in mining and m i l l i n g ,  and 
technicium-99, no t  y e t  c a l c u l a t e d .  They a l s o  assume, c o n t r a r y  t o  p a s t  
exper ience ,  t h a t  m i l l - t a i l i n g s  l i q u o r ,  t r a n s u r a n i c  wastes, and h igh- leve l  
f i s s i o d  products  w i l l  be kept  i n  p e r f e c t  i s o l a t i o n  from t h e  environment i n  
p e r p e t u i t y ,  r e s u l t i n g  i n  zero  popu la t ion  dose from those  products .  
F i n a l l y ,  t h e  estimates used by t h e  NRC t o  c a l c u l a t e  r a d i a t i o n  h e a l t h  
e f f e c t s  employ a n t i q u a t e d  f i g u r e s  t o  e s t i m a t e  t r a n s p o r t ,  uptake,  and 
b i o l o g i c a l  e f f e c t s ,  and i f  c o r r e c t e d  wi th  c u r r e n t  e s t i m a t e s ,  would y i e l d  
an  end-product perhaps t h r e e  t o  f i v e  o r d e r s  of magnitude g r e a t e r  (1,000 t o  
100,000 times rhe number of o f f i c i a l l y - e s t i m a t e d  d e a t h s ) .  See: Bates A. 
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most common forms of r a d i a t i o n ,  i t  is approximately equa l  to  a m i l l i r a d  
(mrad),  t he  u n i t  f o r  measuring absorbed dose  i n  t i s s u e ,  a l though some 
r a d i a t i o n  w i l l  no t  be absorbed. A m i l l i r e m  (mrem) i s  a measure of 
b i o l o g i c a l  e f f e c t i v e n e s s ,  t ak ing  account of t h e  f a c t  t h a t  a lpha  p a r t i c l e s  
are some 30 t i m e s  more damaging t o  o r g a n i c  molecules  than  are gamma rays .  
For gamma r a d i a t i o n ,  mRs o r  mrads a r e  approximately equa l  t o  m r e m .  EPA 
c u r r e n t l y  permi ts  25 mrem/year t o  members of  t h e  g e n e r a l  publ ic  from a l l  
nuc lea r  processes ,  a l though the  a c t u a l  ave rage  exposure is w e l l  below t h i s  
( b u t  s ee  Note 13). Background r a d i a t i o n  from s o i l  i n  t h e  United S t a t e s  
ranges from 0.001 t o  0.034 mR/hr but  i s  normal ly  around 0.0085 mR/hr. 

Wi l la rd ,  i b i d .  Strontium-90 l e v e l s  were measured a t  1487 pCi/g and 
Cesium-137 l e v e l s  were a s  h igh  as 18,600 pCi/g (688 cps /g ) .  I n  human 
bone, t h e  maximum EPA-permissible c o n c e n t r a t i o n s  f o r  t h e s e  elements  are 
from 25 t o  250 pCi/g. 

C.T. Carten and R.C. Dahlman, "Plutonium i n  Bio ta  from an E a s t  Tennessee 
F loodpla in  F o r e s t ,  Hea l th  Physics  34:705-712 (1978). 

Gofman, J.W. and A.R. Tamplin, Poisoned Power (Rodale Press,  Emmaus PA, 
1979). It is es t ima ted  t h a t  one ounce of plutonium con ta ins  from 100 
b i l l i o n  t o  10 t r i l l i o n  f a t a l  human lung doses .  
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